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TIDES IN CHESAPEAKE BAY AND ITS TRIBUTARIES,

NuMERoUS tidal stations were occupied for longer or shorter periods during the progress of
the hydrographic survey of Chesapeake bay. The results have been collected in the following
table, (Table I,) which gives the name of the station, the mean interval between the time of
the moon’s transit and the time of high water, the mean rise and fall of tides, and of spring
and neap tides, and the mean duration of the rise and of the fall of the tide, reckoned from
the middle of one stand to the middle of the next.

By means of this table, and of an Almanac, the time and height of high water may be
obtained for any particular day.

When greater accuracy is desired, the corrections given in Table II are to be applied. This
table applies more particularly to Old Point Comfort and Baltimore, but can also be used for
places in the lower and upper half of the bay, respectively.

TABLE I.

Tide tables for Chesapeike bay and rivers.

Mean interval be- Rise and fall. Mean duration of—
Localities. e e ‘?r
moon’s transit
?:udt;:.'.ne pia Mean. Spring. Neap. Rise. Fall,

East shore of bay. 2
Fisherman’s inlet, Cape Charles....civvienevnnae sesssavessees 7 45
Hunger’s creek.. .. i PR, e R 9 0
Sharp’s island f veeeessvenees T ST 2 49
Cambridge, (Choptank river) f.veieesseves 3 18
Poplaxr IHland seces snttacsy i oenetnbe st 3 54
Harrison’s wharf, Chester IiVer seeesssecesees sosscsssssncasas 6 2
Harris’s wharf, below Swan Poifitissuessesssessessesnseassnes 5 2
Bassalras vl oqosceinseimininsrens 9 0
Elk river, (mouth of Bohemia creek)feceeassas 8. 2
FrenchtOWn cesssssssssses essssossrssasses snsonsosncasnoresns 8 37
Northeast river . seeecsessssssseses $udsioves dneienisie cessavees 8 49
BusquehRnnR Tiversscoeves coss vosasvssoves nupaveroessy s 9 A

West shore of bay.
Cape Henry. coessesossss 7 %2 B4 - Lveissoacsse]ssannsnseraafrsenvine ssvvas|ssresanensnne .
Old Point Comfort * . 8 17 2.5 3.0 2.0 . Ja | 6 25
NOHOICY v on civanss 8 49 2.8 3.3 2.3 5 43 6 43
NEWDORE INOWE T ovs s vo 000s svias bossvosrehinns o4 kemevmivsasol 9 9 2.5 3.4 1.7 63 6 18
York river entrance. .usseesvaees 8 39 2.4 sesssssaisns|vevas T veus|evessavennies .
Piankatank river entrance t..esseessecscecscscnnscnsssrnanens 10 5 1.3 1.9 0.7 5 51 6 36
T otut LNOOKOBE Ve i3 vanasavo vaonsriiaessvs sensninalisms evee 0 3 1.4 1.9 0.7 5 59 6 19
Patuxent river entiance, (Drum Point) fouvesresvassseinnsenns 1 16 1.4 1.9 0.7 5 48 6 45
P R aVONT IR DAY f.2orevveosis swvs ooeanevi e svavveson 3 24 L (3 Qe N
Annapolis * 4 0.9 6 15
Bodkin Point*, 5 4 1.0 s
Baitimore * 6 33 1.3 6 33
Gunpowder river 73 1.2 .
Poolsdsland Fiasie cociassns 7 13 1.3 o
Bush river......... . 7 50 1.3 Serirseeseane
Havre de Grace,...... 8 47 2.4 B R 13 FLRR R FRTR TR (TP TRU SNy P,
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TABLE I.—7de tables for Chesapeake bay and rivers—Continued.

Mean interval be- Rise and fall. Mean duration of—
- tween time of
Localities. moon’s transit
and time of high .
water. Mean, Spring. Neap. Rise. Fall.
Rivers. h. m. Feet. Feet. Feet. h. m. he m.
City Point, James rivert ...... 2 11 2.8 3.0 2.5 5 14 6 58
Curl’s Neck, JAMES FiVET f .. uvvveronrrseessonseesnnncesonns 3 31 3.2 3.4 2.8 5 32 6 54
Richmond, JAMES TIVEr § cuuueieeversassasessssssseonnsnssnns 4 28 2.9 3.4 2.3 4 53 7 31
Petersburg, ApPOMAttOX HVET } veeesececssssvecesssssassnnsns 4 45 2.6 b anaraphakeitlansuinpasnnas 4 57 7 3
Moody’s wharf, YOIk rivVer.c..uessesesneses o 9 35 3.0 BRI ES v e eenseive mevn sxendestiosihylsavesbesonaves
Tappahannock, Rappahannock river*..... . 0 42 1.6 1.8 1.3 5 21 1.8
Saunders’ wharf, Rappahannock riverf vee.... 3 2 1.5 5 47 T
Washington Navy Yard *.... seec-sesecsaness 7 4 3.0 3.4 2.5 5 3 6 49
Hunting creek, Patuxent river...ceeseeees 2 38 1.6 sogrssssassafeveansneransfisivecavrnnecslinsian sesevene

Note.—The stations marked with a * are the most reliable, being derived from several months observations ; in most cases even more than a year’s.
Those marked with a t are good ; the other ones rough approximations, being based on few observations. Tlie rise and fall of spring tides is grt:nivr and
of neap tides smaller than the mean by about lmll"n foot. The duration of rise and of fall of the tide may be deduced from such places where it is not
given, from the nearest complele station, recollecting, however, that the further up a river the shorter the duration of rise and the longer the duration of
fall.

The following table gives the corrections to be applied to the mean interval between the
time of the moon’s transit and the time of high water, and also to the mean rise and fall at Old
Point Comfort and Baltimore for every half hour of the moon’s transit:

TABLE II.

g
§ E“" Old Point Comfort, Baltimore.
§%
g8
:5; :‘:’: Correction to Correction to Correction to Correction to
E® mean interval. | mean rise and fall. || mean interval. | mean rise and fall.
-
h. m. m. st m. ft.
00 Add 16 Add 0.4 Add 14 Add 0.2
0 30 10 9
10 0.5 4 0.2
130 Subtract 2 Subtract 2
2.0 8 0.4 7 0.2
2 30 13 12
3 0 17 0.1 16 0.1
3 30 21 20
4 0 25 Subtract 0.2 22 0.0
4 30 28 23
50 29 04 23 Subtract 0.2
5 30 27 20
6 0 24 0.5 14 0.4
6 30 17 8
70 10 0.5 1 0.4
7 30 2 Add 6
8 0 Add T 0.3 11 0.3
8 30 16 16
9 0 23 0.0 19 0.2
9 30 28 21
10 0 31 Add 0.3 21 0.0
10 30 31 21
g 29 0.5 17 Add 0.1
11 30 23 15

By means of these numbers, Tables III, IV, and V have been computed, giving the times of
high water at Old Point Comfort, Annapolis, and Baltimore, for the months of J une, July, and
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August, 1861. The average probable error of the times given in them is about 20 minutes;
but the error may amount to more than an hour when the tide is disturbed by the wind. This
is more likely to be the case near the head of the bay and rivers than near the mouth. At
Washington northerly and westerly winds depress, and southerly and easterly elevate, the
level of the water in the river. As a general rule, northerly winds will depress or southerly
winds elevate the mean level of the water in the upper part of the bay. In the rivers and
lateral bays this effect will be slightly modified by their direction.

TABLE III.

Approximate mean time of high water at Old Point Comfort, Virginia, for June, July, and
August, 1861.

June. July. August,
Day of I o LR | S T4
month,
A M P. M. Av M. P. M Ao M P. N

he m. h. m. h. m. h. m. he m. h., m

1 2 25 2 50 2 24 2 50 3 3 .
2 3 15 3 40 3 16 3 45 4 41 5 16
3 P 14 35 4 15 4 45 5 48 6 18
4 5 2 5 25 5 16 5 46 6 48 75
5 5 355 6 21 6 16 6 45 7 41 SN
6 6 47 L b 7 12 7 37 8 2 8 42
< 7 3 7 57 8.1 8 21 9 12 9 R
8 8 17 8 37 8 41 9 3 9 42 0 1
9 8 59 9 2 9 24 9 44 10 22 10 43
10 9 41 10 2 10 4 10 25 W5 11 28
11 10 24 10 45 10 45 L 15 sesase
12 13 8 11 29 11 28 11 0 14 0 40
13 11 50 cenean 0 10 S 1 4
14 0 11 0 34 0 33 0 58 2 15 2 5
15 0 58 1 24 12 1 55 3 30 4 9
16 1 351 2 20 2 28 s 9 4 46 5 23
17 2 51 3 23 3 3 4 16 5 57 6 28
18 3 57 4 33 4 55 5 33 6 56 TR
19 5 9 5 44 6 9 6 43 7 44 8 4
20 6 20 6 53 7 13 7 40 8 22 8 39
21 72 7 5 8 4 8 26 8 57 9 13
22 8 16 8 40 8 46 g8 9 30 9 47
23 9 4 9 26 9 25 9 44 10 4 10 21
24 9 .49 10 11 10 2 10 20 10 39 10 57
25 10 31 10 52 10 38 10 56 Ji 17 11 35
26 11 13 11 R 11 15 11 33 11 54
27 11 51 seesas 11 51 0 15 0 38
28 0 10 0 29 0 10 0 29 1 3 129
29 0 50 1 11 0 50 1 13 1 57 2 2
30 1 34 2 8 1 38 2 4 - | 3 34
31 caeen sevane 2 M 3 3 4 9 4 42

Nore.—Itis low water 6k, 25m. after the time of high water.




Approximate mean time of high water at Baltimore, Md., Jor June, July, and August, 1861.
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TABLE IV.

June.
Day of v e
month.
A M. P. M. A M.
k. m. h. m, h. m.
1 0 50 115 0 49
2 1 39 2 4 1 40
3 2 29 2 53 2 36
4 3 18 3 4 3 30
5 4 5 4 29 4 25
6 4 52 5 15 5 16
7 5 38 L 6 6
8 6 26 6 51 6 56
9 7 14 7 36 7 40
10 7 57 8 19 8 21
11 8 41 P D |
12 9 25 9 46 9 45
13 10 9 10 32 10 30
14 10 56 b L g ¢ I 21
15 11 48
16 0 17 0 45 0 53
17 g ) 1 48 2 3
18 2 20 2 5 3 12
19 3 25 3 56 4 19
20 4 28 4 58 5 17
21 5 27 5 56 6 10
22 6 25 6 55 TN
23 1 7 2 7 2
24 8“3 8 97 8 19
25 8 47 9 9 8 55
26 9 30 9 49 9 32
X 10 10 10 30 10 10
28 10 51 11 12 10 51
29 11 34 11 58 11 36
30 0 24 g
31 eresensan teseseveves 0 59

July. August,
P. M. A M P. M,
h. m. h. m. h. m.
1315 1 59 2 2
g 2 59 3 30
< 4 0 4 27
3 67 4 52 519
4 50 5 44 6 9
5 41 6 33 6 57
6 32 7 18 7 39
7 19 7 59 8 18
8 0 8 39 | ¢
8 42 9 22 9 45
9 24 100 9 10 35
100 7 s L 11 32
10 55 suiss vewe peviess 0 5
11 49 0 41 1 18
. 0 20 1 54 2 30
1 2 3 4 3 37
2 ] 4 36
3 46 I 5 9
4 48 5 48 6 11
5 44 6 R 6 54
6 37 7 13 7 30
7 10 7 47 8 4
8 0 8 Bl 8 38
8 37 8 56 9 14
9 13 9 33 9 53
9 50 10 14 10 36
10 30 11 0 1 25
1 12 11 53 cevesessanens
sednssvraasons 0% 0 54
0 30 1 26 157
1 29 2 30 3 0

Approxzimate mean time of igh water at Annapolis, Md., June, July, and August, 1861,

Nore.—It is low water 6k. 33m. after the time of high water,

TABLE V.

June. July. August,

Day of

month.
A. M. P. M. A« M. P. M. A. M. P. M.
h. m. k. m. k. m. h. m. h. m. h. m.
1 11 20 11 44 1L 3 11 45 g, 0 3
2 - e daul SRS 12 14 1 4 1 3
3 0 34 12 59 0 41 1 08 -8 o »
4 193 1 46 1 .35 2 02 9 58 3 A
5 2 10 2 34 2 30 2 65 3 50 4 13
6 C R T 3 2 3 2 3 47 4 38 5 2
7 3 4 4 07 4 12 4 37 5 23 5 45
8 4 R 4 56 5 01 5 24 6 4 6 23
9 519 5 42 5 46 6 05 6 44 7 6
10 6 02 6 24 6 26 6 47 7w 7 50
11 6 45 7 07 7 07 7 29 8 14 8 40
12 7 30 7T 58 7 5 8 12 T 9 87
13 8 14 8 37 8 35 9 00 10 11 10 46
14 9 01 9 2 9 2 9 54 11 22 11 59
15 9 53 10 22 10 25 10 58 0 36
16 10 51 1121 11 32 v orslesvy v I 9 1 4
17 11 53 0 07 12 4 2 12 2 41
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TABLE V—Continued.

Day of June. July. August.
month,
A M, P. M. A, M. P M AL M, PN
h he m h. m. k. m. he m. h.
18 0 25 12 57 ¢ L g 1 21 3 6 3 31
19 1 30 2 01 2 24 2 53 3 53 415
20 2 33 3 03 3 R 3 49 4 37 4 59
21 3 33 4 01 4 15 4 42 5 5 35
22 4 31 5 00 5 06 5 26 5 52 6 9
23 5 2 5 49 5 48 6 05 6 26 6 44
24 6 10 6 33 6 24 6 43 vt & 719
25 6 54 7 4 7 00 7 18 7 38 7 58
26 7 3 7 5 7 37 7 55 8 19 8 41
27 8 15 8 35 8 15 8 35 9 5 9 30
28 8 56 917 8 56 9 17 9 58 10 28
29 9 39 10 04 9 4t 10 07 10 38 11 31
30 10 29 10 54 10 34 11 04  |esevesesesoves 0o 3
B Ry el ue st vewa Vst vanasvas 11 83 lives scsnsnvnwe 0 36 1 .8

Nore.—It is low water at Annapolis 6k. 15m. after the time of high water. Itis high water at Havre de Grace about 4k, 9m, after the time of high
water at Annapolis.

Co-tidal lines of Chesapeake bay.

The co-tidal lines are drawn on the chart from the observed mean tidal establishments of the
coast, bay, and rivers. They show the mean interval between high water (middle of stand)
and the moon’s transit immediately preceding, and thus serve, in connection with the table of
the half-monthly inequality of this interval, (Table II,) to determine the time of high water
anywhere within the limits of the curves. The curves are drawn for intervals of half hours,
and it will be seen that the tide-wave takes over twelve hours to go up the bay. If it is high
water at the entrance and near the head of the bay, there will be at the same time a low water
somewhere above the middle of the bay, and wice versa.  These co-tidal lines also serve for
the purpose of predicting the establishment of the current, (the horizontal component of the
tidal wave,) according to the rules given under the head ‘‘ Current.”’

The numbers in brackets, below the co-tidal hours, indicate the mean rise and fall in feet and
decimals. For other periods of the half-monthly inequality Table II gives the necessary small
correction for any particular case. The average uncertainty in the position of the curves may
be estimated at about half an hour, and at about three-quarters of an hour in localities where
observations are scanty. In the rivers much depends upon interpolation.

The tidal, as well as the current establishments here presented, should be considered as
approximate, the observations being as yet incomplete.

Currents in Chesapeake bay.

Time.—At the entrance of the bay the ebb current begins three hours after the high water
stand, (or nearly midway between high and low water;) between the mouths of the Rappahan-
nock and York rivers this interval is about 1h. 45m.; in the vicinity of Annapolis it is but one
hour, and at the head of the bay there is only half an hour between the high water stand and
the commencement of the ebb current. The epoch of the beginning of the ebb, or outgoing
stream, can be predicted, as well as the tides, (vertical motion,) by means of the ordinary tidal
high water computation with the data furnished by the chart and the above stated differences,
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according to the position in the bay. To find the beginning of the flood, add to the time so
found the duration of the ebb and the duration of slick water between ebb and flood current,
as given below. The average uncertainty in the current epoch may be estimated as one hour,
the principal disturbing agency being the wind.

Direction.—The true direction of the ebb and flood current is indicated on the chart, the
former by a half arrow \' the latter by a full arrow/‘\ . This direction refers to the time when

the current runs with its greatest velocity.

Velocity.—The maximum velocity expressed in miles (nautical) per hour is written against
the arrow, for ebb and flood respectively. The average greatest velocity of the ebb stream is
0.92m. and of the flood stream 0.86m., showing the slight effect due to the discharge of river
water. At the entrance the maximum velocity of the ebb and flood is on the average 1.1m.
Further up the bay it diminishes to 0.9m. and at the head of the bay it again increases to 1.0m.

Duration of slack water and of ebb and flood current.—The duration of slack water, preceding
the ebb and flood, is sensibly equal, and does not appear to vary much from 20 minutes between
the entrance and the head of the bay. At the entrance, and in Hampton Roads, the duration
of the ebb and flood stream is nearly the same, namely, 5h. 50m.; but as we go up the bay
the duration of ebb increases, while the flood diminishes. North of the mouth of the Potomac,
these intervals are nearly as 6h. 26m. and 5h. 20m.; and near the head of the bay the duration
of ebb may reach Th. and the duration of the flood current be as short as 4h. 45m.

Magnetic Variation,— Chesapeake bay.

The curves (nearly straight lines) with the magnetic variation marked on the chart in half
degrees represent the combined results of the separate determinations, given in the accompa-
nying table. The epoch to which the observations have been referred is July, 1861, and by
adding 2§ minutes for each year following, the variation may be ascertained at any station for
any year within the limits of the curves, during the next ten years.

The curves referred to are first approximations, and will be subject to future correction as
our data become more complete. The greatest uncertainty may be taken as a quarter of a
degree; but for the two lower curves (13 and 2° W.) it may amount to half-a degree.

Table of observed variations of the magnetic needle between Delaware bay and the entrance to Chesapeake bay, inclusive of the Chesapeake bay
and rivers, with resulls brought up to the middle of the year 1861.

Station. Latitude N. Longitude W, Date. Observed dec- | Reduction to [Decl’n W.
lination W, 1861.5. 1861.5.

° ! ° ! o . ’ o '

Wimington «eveveeeas 39 45 75 34 1846.4 231 437 308
SaWYer covessnnss e 43 75 34 1846.5 248 37 325
Fort Delaware ,....... owenee 35 75 34 1846.5 317 37 354
Susquehanna Lightecccciiieacisesvinensicienvsenans 32 76 05 1847.5 9 14 35 2 49
Oahobi’a Uil casdsvsansiBas saansporeiissasoderon 28 76 17 1845.5 232 40 312
Hawkins .ooeerveeees 26 75 17 1846.5 2 59 37 3 36
PInGMOINE s 610 casoessssssnnte o sanabevalinesbasses 25 75 20 1846.5 314 37 451
T AR S 1 R i 2 24 76 31 1845,5 215 40 9 55
Bombay Hook. ..... 2 75 30 1846.5 318 37 455
ROSANNE vuvess 17 76 43 1845.4 211 40 9 51
Pool’s Island.. 17 76 15 1847.5 229 %5 3 04
Fort MeHenry 16 76 35 1856.7 229 12 2 41
POrt NOIiS osieisassasnsassssesssssssssnnssnesce .- 15 75 01 1846.5 304 37 341
North Point . 12 76 26 1846.5 137 37 214
Egg Island ..... 10 + 75 08 1846.5 303 37 3 40
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B — o Tucaaen e e I

\\\\

° o L R
Bodkin................. *esessnnses saene 39 08 76 25 1847.4 202
Snper......................................... 05 76 57 1850.6 2 07
Wbl .ot L LT T T A e 05 76 40 1850.9 208
Kent Island 50 e IR R weis 02 76 19 1849.5 2 30
Taylor...., RN e 00 76 28 1847 .4 218
Town Bank,....., 38 59 74 57 1846.5 2 59
Cape May Light. .. RS TTE CPE E e 56 74 57 1855.6 345
Cnusten............. Ceesa s N een saens 55 77 04 1855.8 1 06
HHES ot e Sressenspensaarslbldibonans 54 76 52 1850,7 219
South Base, Kent Island. . Sebwiave vassis exbeui 54 76 22 1845.4 22
Washington, C. S, TS e e R L L SR 53 77 00 1860.8 227
MEBYTIOt ooy aanaatt il E, . G530 STTTRas e 4y St 52 76 36 1849.5 205
Lewes Landing . ... ............. oS e - 49 75 12 1846.5 245
Pilot Town ....,, T AN Ry 47 75 09 1846.5 243
Cape Ilenlopen...,... ... evvsies s 46 75 05 1856. 6 304
Oxford . 5553, Sessnseas sus 41 76 10 1856.7 241
Dagsborough ..., TRAT IV S T 35 75 15 1856.6 241
LU SR S e L AN 20 75 06 1853.7 233
Brown’s Island, Fredericksburg. 18 7727 1856.7 102
Mason’s Landing.................................. 14 7515 1856.6 223
Snead .., R LS Y, el 37 58 75 26 1856.7 218
Joynes.,...... CE TR 15 TSR s oenseasnes 4?2 75 37 1856.7 203
Mayo’s Islund,Rlchmond..‘......... R 77 26 1856.7 015
Scott , ... LA L T 20 75 54 1856 7 137
Roslyn, Petersburg................................ 14 77 24 1852.7 026
CapeOharles................ 07 75 58 1856 7 135
Old Point()nmfort............ LY O R 00 76 18 - 1855.7 115
Cape Henry. , T e, 36 56 76 00 1856.7 128
L L) IS SR 50 76 17 1856 7 136

ND 1718 TRIBUTARIES.
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Y and the entrance to Chesapeake bay—Continued.

Table of observed variations of the magnetic needle between Delaware ba
Station. Latitude N. Longitude W, Date, Observed dec-

NoTE.—The present annual increase is nearly 21/,

List of lights on Chesapeake bay and vicinity,

Name of lights,

gl Bl L T D S SRR Ty

Hampton Roads.

Willoughby’s Spit Light-vessel

-..n......-.....-.-..-unn-.-....-.........-

Old Point Comfort...,s....... i dadei e L LT TR SR S
Old Point Comfort Beacon Light, (approximate), seserercnierins
Craney Island, (approximate), .,..,.., LT T O,
Naval Hospital, (approximate)

James river,

White Shoal, (approximate).... e Lo ) 20 g 1 e D
Point of Shoals, Burwel’s Bay, (approximate)
Deep Water 8hoals, (approximate)...........
Jordan’s Point v

SRITERINEAI NGV 0N STV IN SRR

LA L T T T P e

SRR CE Ve s o AR A LR L T T

Chesapeake bay.
Back River ..,,,,

SOes evssecusennsenasten

Cherry Stone, (approximnte)

LR ....u.......----.----...-.-........-.--...-

2

—

R

0 S

Longitude. se

= @

=3

Latitude, e g E8
‘ O 3
£s38
In are, In time, =&
EER

s >
—_—
Erar 47 et & h.m, s.

N. 3754 37 W. 7521 04 501242 14.6
3723 16 7541 35 5 02 46.4 13.2
3707 48 7552 19 503 28.8 14.0
3655 29 7600 12 504 00,8 17.5

12.3
37 00.1 76 14,8 504 59 { it
3700 02 76 18 06 505124 12.3
37 00.0 76 18.5 505 14 9.5
36 53.3 76 20.6 50522 12,5
36 50.8 76 17.8 VR R e
37 01.4 76 31.5 5 06 06 10.3
37 03.8 76 39.2 506 37 10.3
37 08.2 76 38.0 506 32 10.3
3718 43 7713 06 508 52.4 111
3705 10 7615 54 5 05 03.6 11,1
37 15.6 76 01.8 504 07 11.2

* Names taken from list of the Light-house Board.

lination W,

Reduction to |Decl’n W.

1861 5. 1861.5.

! . !
35 237
b1 234
26 234
30 300
35 2 53
37 336
15 400
15 121

7 2 46
40 304

2 229
30 235
37 322
37 320
12 316
12 2 53
12 253
20 253
12 114
12 23
12 2 30
12 215
12 027
12 149
2 048
12 147
12 127
12 140
12 148

and will probably not #ensibly change for the next ten years,
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List of lights on Chesapeake bay and vicinity—Continued.

: 33

Longitude. Be

g9

Name of lights. Latitude, s §
o
2 rg
In are. In time, F2&
2ER

5
C hesapeake bay—Continued. B iyl oo

York Spit Light-vessel seveevessaasetoresaeiinsnasissststsisaniiaenes
New Point CoOmfOrt soeseeeiossssssasesssessosssresesssasseesasarees sansesnss

WoOIf Trap Light-vVessel seeeesvsssssssssesssssntsitiotentniieniniesnieiinnn,.

Stingray Point, (appfoximate)......
Windmill Point Light-vessel . cocosvesvseettntciosnnssinnsiensnieninns.,

Rappahannock river.
Bowler’s Rock Light-vesseliausssereteeeatintiitiismnaranininnrensnnsnnnes
Chesapeake bay.
Watt’s ISIand..es cerssvesennriinermterotitstiiiitttetiiineesrensrenessnesns
Smith’s PointLigm-vessel....................................................

Jane’s [sland Light-vessel.vviivescsrsnnsnnsen.

Peevss sttt nsensnsesans

Point LOOKOUT. ceuressttinttiottntiiietttiittitinienserenee sueares

Potomac river.

Blackstone Island.cceeee sececesctresoceisanennnsans
Lower Cedar Point Light-vessel «.cvviinnunnnnnnen,..
Upper Cedar Point Light-vessel.....ciuuiuasan,,,
Fort Washington, (approXimate)...eeesseessoa...
Jones’s Point, (ApProXimate) .eeveesesenee suess

Chesapeake bay.

FOZPOINL . ceenventatertetttttitttitiiinnes sennresnneenensas

Hooper’s Straits Light-vessel......., =gy i
Clay Island..ceseves cevsensanaas
Cove Point ceveesvecsscassonnnees
Sharp’sIsland .eeveevvecennan
Thomas’s Pointeeessisias
Greenbury’s Point, (approximate) TR vavee ven
Sandy Point, (approximate) FEVERRESTer s wa Vuee SIS Vb we de s

R L Ly

R L T casesens

Seeereesenbins
.o cesane

*esacssenetnans
. hesensens

Patapsco river,

Bodkin Tower, (light discontinued)......................

Seven-foot Knoll, (approximate)......... .‘:"..
North Point Lower Light.....

North Point Upper Light «cvevvviniiiiiiiinnnnn, ..., FFe 480 suns sonE
Fort Carroll.ccesssasassscssssssososses seescensanssces

Lazaretto Point........................................................

Upper Chesapeake bay.

Pool’s [sland T
Turkey Pointisesssessenscavavans
Fishing battery, (approximate)..
Havre de GracCe..eessssecssssresssssscsssaseresssssnsosseessrsse

R T P

sersrsraea

terresenens

tesinas

N. 37 12.0
3718 00

37 23.3

37 33.6
37 34.8

37 49.2

3746 53
37 52.7

37 57.6
3802 16

3808 03
3812 23
38 21

38 24

38 43.4
38 47.4

3802 04
38 13.0
3813 53
3823 07
B37T 4
/4 B
38 58.5
39 01.0

3908 02
39 09.3

3911 36
3911 46
3912 50
3915 42

3917 2
3926 56
39 29,6

39 32 23

76 13.7
76 16 22

76 10.0

76 16,0
76 11.5

76 43.3

7553 18
76 10.1

75 55.4
7% 19 01

76 31 29
7644 24
77 00.5
77 03.5
77 01.2
77 01.4

7602 15
76 05.0
75 58 08
762 35
76 21 55
76 26 53
76 27.0
76 23.5

7625 10
76 23.9

7626 12
76 26 36
76 30 55
76 33 59

76 15 41
76 00 12
76 04,7

7604 47

504 55
5 05 05.5

504 40

505 04
504 46

5 06 53

5 03 33.2
5 04 40

503 42
505 16,1

5 06 05.9
5 06 57.6
508 02
508 14
5 08 05
5 08 06

504 09,0
5042
5 03 52.6
5 05 30.4
505 27,7
505 47.6
505 48
505 34

505 40.6
505 36

505 44.8
505 46.4
5 06 03.7
506 15.9

505 02.7
504 00.8
50419

504191

11.6
13.2
{ 11.4
10.6
11.2
11.0

crserensanne

12.1
{ 11.1
11.5
10.6
11.3

11.1
12.1

9.7
10,4

seesseveaane

11.1

10.6
11.0
11.2
12.1
11.7
13.5
12.5
12,5

cesssaerenen

11.9
{ 10.9
11.8
11.3
11.1

11.1
13.6
11.2
11.6

Nore.—Many of these lights are now probably extinguished, and light-boats may have been removed, The towers may still serve as day marks,
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APPENDIX No. 33.

ON THE HEIGHTS OF THE TIDES OF THE ATLANTIC COAST OF THE UNITED STATES, FROM OBSERVATIONS
IN THE COAST SURVEY, BY A. D. BACHE, SUPERINTENDENT.

[Communicated, by authority of the Treasury Department, to the American Association for the Advancement of Science ]

It is well known that where a bay or indentation of the coast presents its opening favorably
to the tide wave, and decreases in width from the entrance towards its head, that the tides rise
higher and higher from the mouth upwards. The Rev. Mr. Whewell has stated that, in a
general way, the same fact is deduced from the observations on the coast of Great Britain and
Ireland, discussed by him.

The Coast Survey observations of the tides of the Atlantic coast, the results of which, from
time to time, I have brought before the Association, furnish the means of a complete discussion
of heights as well as of times, and very simple generalizations result from their examination.
Through the kindness of Captain Shortland, R. N., and of Admiral Bayfield, R. N., T have
been enabled to extend these results to the coasts of New Brunswick, Nova Scotia, and to part
of Newfoundland.

I beg leave to make my best acknowledgements to these distinguished hydrographers for the
prompt and liberal communication of the results of their observations.

The Coast Survey observations have been worked up in the Tidal Division under the direction
of Assistant L. F. Pourtales, and I am indebted to him for giving the results the shape desired,
and for the diagrams representing them.

The following table of stations on or near the exterior coast line of the United States is taken
from the more extended tables of the Coast Survey, omitting stations which are up rivers or
bays, except in special cases, the object of inserting which will be obvious.

Table A contains a number for reference, the locality of the tidal station, the State to which
it belongs, the latitude, longitude, the mean height of the tide in feet and tenths, and a column
of remarks.
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Heights of tides on the Atlantic coast of the United Stales.

TABLE A.

35

37
38

40
41
42

Locality. State. Latitude. Longitude. | Heights in Remarks.
feet.
o /. Lo} E

|7 L1 N S R i Sk ol Maine . -occe- 43 39 70 14 8.8
Porigmonth. - oo usisinso dnnms N. Hampshire. 43 04 70 42 8.6
NeWwburyport . c.«.scemceae=~e- Massachusetts ] 42 48 70 52 7.8
5T 7 I i R TO% iy 42 37 70 40 8.9
BRI e catate L tan iR e e 42 31 70 54 9.2
BOIOR . s s S e E B T RIL L o 42 22 71 03 10. 0
Plyniouth v cox suie sdsapmane RN [ S 41 57 70 40 10. 2
Provincetown - ..o cecccucacana- ceeedOoce e 42 03 70 11 9.2 | Major Graham, U. §. A.
George's Shoals - .ocaeeceenmmnn|cmenmnnamn na- 41 40 67 45 7.0 | Captain Wilkes, U. S. N.
MSntmay s Ael STE ISEeUice Massachusetts . 41 33 69 59 3.8 :
Siascongett - cccmeemesaccncona- R 41 15 70 00 2.9
T S P S e ceeedOo e 41 15 70 05 1.2
SAER' S POllib i o s os 5 ms Snmane= B 41 17 70 16 2.1
WaSQUE ccucae-namenmccommmonas B 41 21 70 30 1.7
Menemsha .. cccceenococccnsa- cemelOacccanas 41 20 70 45 2.7
Point Juditho.oisone-asdossmnse Rhode Island . 41 22 71 29 3.1
NeWpOLE wnrcnvmunmanmns=smmes B s 41 29 71 20 3.9
Block Ieland...cccccccacanaaa. L e 41 10 71 34 2.8
Montauk Point..coceocecccaaa- New York.... 41 04 71 51 19
Stonington «---ccecccecaccaans Connecticut. ... 41 20 71 54 2.7
New Haven.----ecee- e mendOaooeeo 41 18 72 54 5.8
Fire Island - cccccecccmenornams New York.... 40 38 73 13 2.1
Sands’ Point _cmvarans-doamios e SRR 40 52 73 43 7.1
Sandy HOOK »aceccaccemsamnae- B L SR 40 28 74 00 4.8
Cold Spring Inlet.oeecceeccana- New Jersey... 38 57 T4 45 4.4
Cape May cccecccccvcncmmccna- BN [ R 38 56 74 57 4.8
01d Point Comfort ----ec-cea-- Virginia - ... 37 00 76 18 2.5
Hatteras Inlete oo ceecocaccncnne N. Carolina. .. 35 12 75 43 2.0
BRGATIOTE = ot ot et nere o TEEN R SR 34 42 76 40 2.8
Cape Fear .ccencrnnannsmes=an- vmenl0occs ce- 33 52 78 00 i1
Winyah bay ceeamemcomacscas 8. Carolina - .. 33 14 79 08 3.8
Ohailestons ot o et a il Seeidol L na s 32 46 79 54 5.3
North Edisto river.....- RN, i O e 32 33 80 13 5.8
Port Royal - cemmcccccacanaae- wmneQ0emnsmavs 32 17 80 40 6.4
Savannah entlrance ooo-_-cc---- Georgia cnea-- 32 02 80 53 7.0
8apelo - -cemmemoceccanccaanna- SRR 31 21 81 24 7.0
St. Simon's..ceececrcacccnnan- FA [ AR SR 31 08 81 36 6.8
St. Mary’s Tiver «c--c--cccacae- DRI e 30 42 81 36 5.9
Bt. John’s river c ccecaceacenan- Florida -cacca- 30 20 81 33 4.6
St. Augustine - cccccececneennn- PR, [\ R 29 52 81 25 4.2
Indian River Inlet . - ccocaacaan APEEN, [ RS 27 28 80 19 2.5
Cape Florida.ccmcemcnacmananne RGRY, [ DR 25 40 80 09 1.5
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The following table of tides of localities on the coast of Cape Breton, Nova Scotia, and New
Brunswick, is from the observations of Admiral Bayfield and Captain Shortland. The author-
ities are given in the column of remarks, which also contains the remarks of Admiral Bayfield

on the tidal results communicated by him.

were derived from the greatest number of observations.

I have taken from his table the heights which

of the heights of spring and neap tides in feet and tenths.
the north, southward on the outer coast, and in the Bay of Fundy from the entrance up the bay.

From the table of Captain Shortland I have selected only a few localities as specimens,
having no wish to anticipate, through his generosity, the use which he will doubtless make of

his own results.

TABLE B.

The column of means is the average

The localities are arranged from

Heights of tides on the Coast of Cape Breton, Nova Scotia, and New Brunswick.

Localities.

Rise of tide.

Remarks on localities. | Latitude. |Longitude. Remarks.
Ordinary| Ordinary|Mean.
spring. | neap.
Is’d of Cape Breton,* e S T
1 | 8t. Ann’s Harbor,..| Entrance ........vees.n.. 46 17 60 33 5/ 0| 3| 3| 41/ A complete semi-lunation observed.
2 | Sydney Harbor ....| 8E bar.,.......... evesas| 46 12 60 13 3 9| 2| 4| 3.1 | Atfull moon,and a day or two before and after.
3 | Menadou Harbor. ..| Near Scataria Island. «eed| 46 00 59 50 5/ 6| 3| 4| 4.4 | Good. A complete semi-lunation observed.

4 | Bt Peter's Island' ;| -venes sseneh svusas svotdnes| L 45 38 60 49 6/ 0| 4] 0| 5.0 At new moon, and a day or two before and after.

5 | Bt. Peter’s Bay.....| Haulover, at head of bay.| 45 39 60 52 5| 9 4| 1| 4.9 | Good observations, four times observed, twice at
the full, and twice at the new moon, with sev-
eral days before and after each.

6 | Grandigue.........| In Lennox Passage...... 45 36 61 01 6| 4| 4| 6| 5.4 Good. A complete semi-lunation observed.,

7 | Arichat Harbor ....| Jerseyman Island, North | 45 30 61 03 5/ 0 4| 0| 4.5 | Good. A complete semi-lunation observed. Ex-

Point. traordinary tides rise six feet,
Nova Scotia.*
8 | Canso Harbor .....| E. end of Cutler Island...| 45 21 60 59 6|/ 6( 4| 6| 55| A complete semi-lunation observed, but tides very
irregular.

9 | White Haven......| Marshall Cove..,cc..vees| 45 15 61 11 81 11 @hal S1iKA complete semi-lunation observed. Good ob-
servations.

10 | Harbor Island ..... | NE POilt..veseseeesesoes| 45 08 61 36 6| 6| 4| 6| 55| A complete semi-lunation observed, extraordinary
tides rise seven feet,

11 | Liscomb Harbor ...| Pye’s Wharf. cveees seseee| 45 00 62 01 6| 0| 4| 0| 5.0 | Three times observed ; at full and new moon, and
several days before and after.

12 | Sheet Harbor ......| Watering Cove.......es..| 44 54 62 30 6 4| 6| 5.6 | Good. Two complete semi-lunations observed.

13 | Pope llarbor.......| Harbor Island, NE. Point..| 44 48 62 39 6| 6| 4| 2| 5.3| Three times observed ; at full and new moon.

14 | Ship Harbor....e...| Salmon Point...eeeses...| 44 47 62 49 6| 5| 4|10 5.6 | Good. A complete semi-lunation, extraordinary
spring-tides rise seven feet, and extraordinary
neaps, only four feet.

15 | Jeddore Harbor ....| Marsh Point..eeeseeseee.| 44 43 63 00 6| 6| 4| 8| 5.6 | Two good and complete semi-lunations observed.

16 | Halifax Harbor.....| Naval Yard..veeeeee.ees] 44 40 | 63 35 | 6| 0| 4| 6| 5.2 | Mean of complete year’s observations with a
tide-gauge.

Bay of Fundy.t
17 | Cape Sable,.......| Cape Sable Is’ds, Clark’s | 43 25 65 39 (11| 6| 4(11| 8.2
Harbor.

18 | Bllenwood’s Island.| Bird Rock. ..............| 43 39 | 66 04 |12 7| 7| 0| 9.7

19 | Yarmouth Harbor,.| Fourchue Island Light- | 43 47 66 10 (16| 0| 8| 7| 12.6

house.

20 | Bryer’s Tsland .....| Peter’s Island Light-house.| 44 15 66 21 (20| 6| 9| 3|14.8

21 | Campobello Island.| Owen’s House. /vvr-....| 44 54 | 66 58 | 25| 0|11] 0/ 18.0

22 | St.John’s, N. B....| Battery Point Rock ......| 45 16 66 04 (26| 6|12 0] 19.3

23 | Shadwood Point...| Cumberland Basin.......| 45 54 64 22 |50 04 22( 0 36.0

* Admiral Bayfield, R. N.

Capt. Shortland, R. N.
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These numbers may be extended beyond the turn of Cape Race, where the coast trends to
the west of north, by further results of Admiral Bayfield, though the remarks which he makes
show them to be only approximate. Thus two stations on the coast of Labrador, St. Lewis
bay, in latitude 52° 19" and longitude 55° 37/, and Henley island in latitude 52° 00’ and longi-
tude 55° 53', give each for the mean of the height of spring and neap tides 2.3 feet. St.
John’s, Newfoundland, gives 5.0 feet. Trepassey harbor, south of it, 5.8 feet.

Beginning with the southern end of Table A, and following the results northward and east-
ward, we find, from Cape Florida to Savannah and Port Royal, a gradual increase of the tides,
and then a gradual decrease to Cape Hatteras, with a single contradiction, easily explained.
Next following the stations on the coast, and omitting those in the bays and sounds, we have
a less regular increase to Sandy Hook, and a decrease to Weweeder, on Nantucket island.
Next is a less regular regimen, requirihg a more detailed examination.

By developing the curved line of the coast into a straight line and marking upon it the tide
stations, which will thus be at nearly their proper distances from each other, and by erecting
ordinates at each of the station points, and setting off on a suitable vertical scale the heights
of the tides at those points, and connecting the extremities of the several ordinates, we have
the broken line shown in Diagram A. In drawing this line the stations of the coast only are
joined, and the irregularities are cut off by the curve.

This curve shows distinctly the physical division of the coast between Cape Florida and
Cape Sable into three great bays. The great Southern from Cape Florida to Cape Hatteras.
The great Middle from Cape Hatteras to Siasconsett; the great Eastern from Siasconsett to
Cape Sable. Perhaps this latter may be considered as only a portion of a great bay from Sias-
consett to Cape Race, but this generalization is at present hardly safe, and I confine myself,
therefore, to the more limited view. The tide wave setting into the southern bay rises as the
bay contracts, and the heights of the tides along the shores increase as the places are more
distant from the chord spanning the entrance.

If we suppose the lines of equal height to be stlalght lines, and draw them upon the
diagram transferring them to a map of the coast. we shall find that they are more crowded on
the more curved side, and more open on the less curved. The curve indicates Cape Hatteras
and not the inlet, which was the tidal station, as the point of least height. The physical cause
of this phenomenon is well understood if it has not yet been reduced to measure.

The next curve shows us plainly the Middle bay, having Hatteras for its southwestern cape,
and Smith’s Point or Weweeder for its northeastern entrance. The form of the shore is less
favorable to regularity, but the result is nevertheless well marked. The interference of tidal
waves which takes place off Nantucket tends also in a degree to confuse the results.

The chart shows how simple the system of co-tidal lines is in the three bays, running nearly
parallel to the shores.

The eastern bay lies between the eastern part of Nantucket (Siasconsett) and Cape Sable,
Massachusetts bay being subsidiary to this. The tide wave entering the eastern bay follows
the deep water, and thus the co-tidal lines take generally the direction of the shores, until the
tide wave enters the Bay of Fundy. The most probable form of the co-tidal lines, from XT to
XV hours, inclusive, is shown upon the chart, which is merely an extension of the chart of
co-tidal lines of the United States coast,formerly presented to the Association. The heights
increase rapidly from Nantucket to Cape Cod, being 2 feet at Siasconsett, and 9.2 feet at Pro-
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vincetown. At Cape Ann they are nearly of this same height, and increase in passing up and
into the bay to 10.0 feet at Boston, and 10.1 feet at Plymouth.

The height at Newburyport is probably local, depending upon the position of the tide-gauge. |
There is but little change from Portsmouth to Portland, and from Cape Sable to Ellenwood’s
island.

Shall we look to the greater bay between the Nantucket and Newfoundland shoals for the
cause of the 8-feet rise at Cape Sable, and of the heights from Admiral Bayfield’s table ? We
find the heights along the coast of Nova Scotia to vary from T to 6 feet; not with regularity,
however. At Cape Breton island they vary from 6.4 to 4.6 feet, decreasing thus in going
northward and eastward. Are these heights due to the crowding of the waters into this greater
bay ? If so, why are not the heights of Cape Breton greater than those of .Nova Scotia ? We
require results on the south shores of Newfoundland, and on the Great Bank, to give us clear
ideas on these points, and I hesitate to extend the generalizations to this tempting field.

The shoals from Nantucket and broken ground near George’s Bank, and the comparatively
shoal water in their vicinity, on the one side, and the Great Bank of Newfoundland on the
other, look as if full of meaning of this sort. Further results may, however, show that this is
not the interpretation of the phenomena. The tides of Labrador are but 2.3 feet, bringing us
back to the standard of Hatteras and of Montauk Point, and what probably would be that of
Nantucket but for interference. Soon after passing Mount Desert on the west side, and Ellen-
wood’s island on the east side, the tide wave has turned into the Bay of Fundy, and the rise
increases with extraordinary rapidity.

The complicated character of the co-tidal lines in this immediate vicinity is indicated by the
chart, the lines from XII to XV hours being crowded into the very small space of a few miles,
on the south side of Nantucket.

To return to the more limited scale, within which our inductions are safe: Delaware bay, New
York bay, Long Island sound, Narragansett and Buzzard’s bays, Nantucket and the Vineyard
sounds, present, on a smaller scale, the same phenomena of increase in the height of the tide
in ascending. On the contrary, in Chesapeake bay, which widens and changes direction at a
right angle immediately from the entrance, the tides diminish in height, as a general rule, in
going up the bay.

The results of the heights of tides along the coast are very satisfactorily shown upon a model
which is now before the Association, for superintending the execution of which I am indebted
to Mr. Pourtales. The basis is a map of the Atlantic coast, from Cape Florida to Cape Race,
upon which the co-tidal lines of the United States are traced. The tidal stations are marked
upon this, and rods, cut to length, and proportionate to the rise and fall of the tides at the
several stations, are inserted in holes drilled at the station points. The steel rods refer to the
heights at exterior stations, and the brass rods to interior ones. Paper cut to the form of the
general curve of heights which has already been explained, and placed behind these rods,
serves to show the generalizations with great distinctness.

I propose to call the bay between Cape Florida and Cape Hatteras the southern bay; that
between Cape Hatteras and Nantucket the middle bay; and that between Nantucket and Cape
Sable the eastern bay, of the coast of the United States. The general figure of the coast line
has, of course, heretofore attracted the attention of geographers. The connection with the
heights of the tides could only satisfactorily be made out by such a series of tidal observations

as those embraced in the Coast Survey.
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APPENDIX NO. 16.

TIDE TABLES FOR THE USE OF NAVIGATORS, PREPARED FROM THE COAST SURVEY OBSERVATIONS
BY A. D. BACHE, SUPERINTENDENT.

[Furnished by authority of the Treasury Department to E. and G. W. Blunt, New York, and revised October, 1860.]

TaE following tables will enable navigators to ascertain the time and height of high and low
water in some of the principal ports of the United States. The results are approximate, the
observations being still in progress, but they may safely be used for practical purposes. The
number of places of observation, and the time during which many of them have been made,
are steadily on the increase as the Coast Survey advances.

The tides on the coast of the United States, on the Atlantic, Gulf of Mexico, and Pacific,
are of three different classes. Those of the Atlantic are of the most ordinary type, ebbing
and flowing twice in twenty-four hours, and having but moderate differences in height between
the two successive high waters or low waters, one occurring before noon, the other after noon.

Those of the Pacific coast also ebb and flow twice during twenty-four hours, but the morning
and afternoon tides differ very considerably in height, so much so that at certain periods a rock
which has three feet and a half water upon it at low tide may be awash on the next succeeding
low water. The intervals, too, between successive high and successive low waters may be very
unequal.

The tides of ports in the Gulf of Mexico, west of Cape St. George, ebb and flow, as a rule,
but once in twenty-four hours, or are single day tides. At particular parts of the month there
are two small tides in the twenty-four hours. The rise and fall in all these ports is small.
East of Cape St. George the rise and fall increases ; there are two tides, as a rule, during the
twenty-four hours, and the daily inequality referred to in the Pacific tides is large.

These peculiarities require a different way of treating the cases, and in some of them sep
tables.

I propose to enable the navigator to find, from the Nautical Almanac and the following
tables, the time and height of high and low water at_any date within the ordinary range of
difference produced by winds and other variable circumstances. I will endeavor to divest the

arate

matter of unfamiliar technical expressions as far as practicable, though for shortness’ sake,
some such terms may be employed after defining them. The discussion of the Gulf tides has
not been carried so far as to enable me to present the results in as definite a form as the others.

As is well known, the interval between the time of the moon’s crossing the meridian (moon’s
transit) and the time of high water at a given place is nearly constant; that is, this interval
varies between moderate limits, which can be assigned. The interval at full and change of the
moon is known as the establishment of the port, and is ordinarily marked on the charts. As
it is not generally the average of the interval during a month’s tides, it is a less convenient and

less accurate quantity for the use of the navigation than the average interval which is used on
2
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? or *‘corrected establishment.”’*

The following table gives the principal tidal quantities for the different ports named in the

the Coast Survey Charts, and is sometimes called the ‘‘mean

first column, where they are arranged under specific heads. The third column of the table
gives the mean interval, in hours and minutes, between the moon’s transit and the time of
high water next after the transit ; the fourth, the difference between the greatest and the least
interval occurring in different parts of the month, (lunar.) A simple inspection of this column
will show how important it is to determine these changes in many of the ports where they
amount to more than half an hour, or to more than fifteen minutes from the average interval.
The fifth, sixth, and seventh columns refer to the height of the tide. The fifth gives, in feet,
the average rise and fall, or average difference between high and low water. The sixth gives
the greatest difference commonly known as the rise and fall of spring tides; and the seventh the
least difference known as the rise and fall of the neap tides.

The average duration of the flood or rising tide is given in the eighth column; of the ebb
or falling tide in the ninth; and of the period during which the tide neither rises nor falls, or
the ‘‘stand,”’” in the tenth. The duration of the flood is measured from the middle of the
stand at low water to the middle of the stand at high water, so that the whole duration from
one high water to the next, or from one low water to the next, should be given by the sum of
the numbers in the eighth and ninth columns. At most of these places given in the list a
mark of reference has been established for the height of the tide. I have omitted the descrip-
tion of these marks, (except in the following localities,) as of no particular interest in this con-

nection.

BENCH-MARKS.

Boston.—The top of the wall or quay at the entrance of the dry dock in the Charlestown
navy yard is fourteen feet %% (or 14.69 feet) above mean low water.t

New York.—The lower edge of a straight line cut in a stone wall, at the head of a wooden
wharf on Governor’s island, is thirteen feet +%% (or 13.97 feet) ubove mean low water. The
letters U. S. C. S. are cut in the same stone.

Old Point Comfort, Va.—A line cut in the wall of the light-house, one foot from the ground,
on the southwest side, is eleven feet (11 feet) above mean low water.

Charleston, S. C.—The outer and lower edge of embrasure of gun No. 3, at Castle Pinckney,
is ten feet 1% (10.13 feet) above mean low water.

& This term was introduced by the Rev. Dr. Whewell, who has done so much for the investigation of the laws of the tides.

+ In consequence of alterations made to the wall during the year 1860, the coping is seven hundredths of a foot lower than

»

formerly.
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Tide table for the coast of the United States.

TABLE I.

11

PORT.

INTERVAL BETWEEN
TIME OF MOON’S
TRANSIT AND TIME
OF HIGH WATER.

RISE AND FALL.

MEAN DURATION OF—

STATE.

e T3 ]
E Ecn 2 g $ 1
z 2= 5 ot 3 = g .
s @ = 2 : -1
g |wid| @ B | §-| 2 2 |3
= Pl - w z = A @
b 2 3. 4. 5. 6. i 8 8. 9. 10.
QOAST FROM FORTLAND 10 NEW XORK: k. m. h. m. Feet, Feet. Feet. h. m. h.m. h. m.
Hanniwell’s Point, Kennebec river........| Maine......... ... 11 15 114 8.1 9.3 7.0 6 16 611 022
Portlantaciyvuen sevosson oo ioyeseresnens|srailOsensvasetewies 11 25 0 44 8.9 9.9 7.6 614 612 20
Portsmouth...oeeesveseessecessacasasseas| New Hampshire.... 11 23 53 8.6 9.9 7.2 6 22 84T 21
NeWDUIYPOLtisseess sase casnsssssssnns sons| Massachusetts ..... 11 22 50 7.8 9.1 6.6 516 79 24
Rockport ..... snes00Ratus venssiaas 10 57 42 8.6 10.2 7l 617 6 9 30
ofeeccdOessscanesssses 11 13 50 9.2 10.6 7.6 619 6 6 6
6

Boston Light..
Boston ..,....
Plymouth.........
Wellficet cvueness

Provifeefowm® o 8 kel Lo 028, st

MOonomoy.ana ks aicivatb e saes ¢ sosisasih
NaDtucKel v dissesarevsarssmoivenvons ansn
HyanniS..ceeseeeeansinsiiassnnssnnnnsnnas

EdgartoWn..ueecssesssssensse sssnsansens|s
Holmes’s Hole.oeesaorsnenrasennanansonnsfes

Tarpaulin CoVe..iveierrrarressscianonas
Wood’s Hole, north side...covveesvarnnnes
Wood’s Hole, south side ..
Menemsha Bight..... vesve
Quick’s Hole, north side ..
Quick’s Hole, south side.....
CuttyhunK..oeievueceessscnoas
Kettle COVE vauvrranassssonassnss sanene
Bird [sland light.cceeeseveeece conennoenene
New Bedford entrance, (Dumpling Rock).
NewpOrt.coooesvesesssasesssscssssnsssens

Point Judith c.ccevvieisecesscossansavanes
Block Island.ceess seseresssesassssssasses
Montauk Point, I Lieivees cocesanscosses
Sandy-Bo0K:vdes e 3 ieesssriisssonviosnesiarns
New York........... ssshsesssssveeveas

HUDSON RIVER.

Dobb’s FeITy voveerenessssneasesnssasnen
TAITYLOWN couves csvesssssannssssasssssons
Verplanck’s Point.cesssssssens
Wiest Polnk. soovesivescieessusonse
Poughkeepsie..
i b4, | SRRMESE, sesesans

GHERNBUAIE RN o o Bl g haim 0 o508

LONG ISLAND SOUND.

Lt T SRRSO S S S
SONIMEIORZ L.y soveis vosvsrosessidssoees
LALTE GO corah B sdad s u sy
Neow LOndonT, <o cvatsutiscovbinrasssse soas
New Haven .'coeves <o
BEGEBDTIRN e 03 65 R vl dye g e sy o e

et llOsss Foiiessany

BN PR [ R T R T

cenedO..,..

ceesl0ueas oL wsssns

«s80ueuee cavsnseas
setsB0s'se vy isevreel

eeselOisnacnnscenans

esel@00vansrsuenvens

oo dlO0cesedssone vade

sensl0sdasananennnnn
vesd0caessisussns v
sosel0ccasansses aava
eeel0scsncecncsnens
Rhode Island ......
consl0aass vasansdrns
sovr 0005 Ryths Resa
New YorK...ooeeees
asnslOcisssnsnsansne

veealOecessesncennes

New Yorkeeeeoeees
esssdO.

veesl0iaievasncannes
eeselOeeces
PR [ PP
eessl0ussacsnsianase

PP [ PR

veesdo.

Rhode fsland ......
Connecticut., .
New York.....s o

Connectictts, v

cesal0icecncencnces

Heel0ocorssnnanisss

11 12 35
11 27 43
11 19 51

11 5 113
11 22 490
11 58

12 24 37
1222

12 16 34
11 43 31
8 4 49
759 53
8 34 45
745 10

731
7 36 110
7 40 49
748 a0
759 45
757 41
745 24
73R 46
7 36 41
820 111
729 47
813 43

—
—
o

919 44
9 57 58
10 8 34
11 2 37
12 34 54
124 51
323 48
429 55
522 40

90 23
9 7 30
9 38 1.7
928 52
11 16 18
1111 L3

9.3
10.0
10.2
11.2

9.2

3.8

3.1

3.2

2.0

¢

2.3

4.0

18

2.7
3.7
3.1
3.5
4.3
4.4
3.8
3.9
3.1
2.8
1.8
4.8
4.3

3.6
3.5
3.1
27
32
4.0
3.8
2.7
2.3

2.7
8T
2.5
2.6
5.9
6.5

* From Major J. D. Graham’s observations.

10.9
11,3
11.4
13.2
10.8
5.3
3.6
3.9
2.5
1.8
2.8
4.7
2.0
3.9
4.3
3.8
4.2
5.0
5.3
4.6
4.6
3.7
3.5
2.4
5.6
5.4

4.4
4.0
3.8
3.2
3.9
4.6
4.4
3.0
2.5

3.1
3.2
2.9
3.1
6.2
8.0

8.1
8.5
9.0
9.2
7.7
2.6
2.6
1.8
1.6
1.3
1.8
3.1
1.2
1.8
2.9
2.3
2.9
3.7
3.5
2.8
3.1
2.6
2.0
1.8
4.0
3.4

2.7
2.7
2.5
2.0
2.4
3.2
3.0
2.3
1.9

2.4
2.2
2.3
2.1
5.2
4.7

6 20
6 13
6 13
6 6
6 16
6 25
6 23
6 44
6 51
6 41
6 9
6 51
517
614
6 31
6 29
6 31
617
6 51
6 50
6 21
6 12
6 23
617
6 10
6 0

6 5
6 6
525
528
541
5 40
518
51

426

6 35
615
6 1
5 56
6 24
6 1

6 13
617
6 17
6 10
5 59
544
541
5.29
521
6 17
531
710

6 14,

5 54
5 55
554
6 4
5 58
533
6 3
6 10
6 8
8 7
615
6 25

618
6 20
712
710
6 44
6 54
4.5
723
759

556
6 10
621
6 26
6 5
6 7

8838

42
10
s

31
21

g8 =

22

30
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TABLE I—Continued.

INTERVAL
TIME OoF

BETWEEN
MOON’S

TRANSIT AND TIME
OF HIGH WATER.

RISE AND FALL.

MEAN DURATION OF—

PORT. STATE. = =
e 3 % .
3 g = 8 3
E g : = 3 3 = .
= a = 7] z = 3] A
| B 2. 4. 5. 6. T 8. 9. 10,
LONG ISLAND souNp—Continued. h. m. k. m. Feet. Feet. Feet. h. m. h. m. he m.
Opyster Bay, L. I..... Feeh shois MUpTE LT RS 11 7 0 51 7.3 9.2 5.4 6 8 6 24 025
Sand’s Point, L. I...... 11 13 31 7.7 8.9 6.4 555 6 30 14
New Rochelle ., 11 22 32 7.6 8.6 6.6 5 51 6 35 12
Throg's Metk. .. cosntdencs sotson 112 39 7.3 9.2 6.1 5 50 6 33 43
COAST OF NEW JERSEY.
Cold Spring inlet .eeeansecscssservsvsress| NEW JOIBEY veeeosos 73 51 4.4 5.4 3.6 6 8 618 19
Cape May landing .... senall0isoscinasvvnan 819 47 4.8 6.0 4.3 6 11 615 20
DELAWARE BAY AND RIVER.
Delaware breakWater vovessvessssenvenes| Delaware. vove, .. 8 0 50 3.5 4.5 3.0 615 6 6 26
Higbee’s, Cape May...ocoevvesrsnssisnss| New Jerseyoa..... 8 33 43 4.9 6.2 3.9 6 26 6 0 19
Egg Island light...oooveviniianninn, 05 Sr v 9 4 51 6.0 7.0 5.1 553 6 27 36
Mahon’s riverisesssesseesssssnnsnsacnness| Delaware..,.. .. 9 52 48 5.9 6.9 5.0 6 11 611 26
Newcastle.. ase mee-esran ol 0l 0 ciuee beny 11 53 24 6.5 6.9 6.6 5 6 6 43 47
Philadelphif.ccve conssssvsioasscass sovevose Pennsylvania ...... 13 44 44 6.0 6.8 5.1 452 786 15
CHESAPEAKE BAY AND RIVERS,
Oid Point Comfort ... Virginia «oveuenes 5 8 17 60 2.5 3.0 2.0 6 1 625 14
Point Lookout....eeseesvan Maryland. o 12 58 45 1.4 1.9 07 5 59 619 35
Annapolis ........ vesvavassesersersennntelsiinlOuines sosessas 17 4 10 0.9 1.0 0.8 611 615 2
Bodkin light .. sfaeefileensd i aboge 18 8 48 1.0 1.3 0.8 523 T8 15
Bal’-imO“’?------------------~~~----------....do.............. 18 59 44 1.3 1.5 0.9 5 54 6 33 44
Washington.... ccesesescassnsacssescesess| Dist. of Columbia,. 20 10 52 3.0 3.4 2.6 537 [ ("N [ S
James river, (City Point) «.....cvunvene.| Virginia. - 14 37 10 2.8 3.0 2.5 514 6 58 32
Richmond . .oeeveesans 3 R e N 16 54 6 2.9 3.4 2.3 453 731 35
Tappahannock.....ouvues vovel@0ssssssivene oe 12 58 46 1.6 1.9 1.3 521 7 6 lovensans
COAST OF NORTH AND SOUTH CAROLINA,
GEORGIA, AND FLORIDA.
Hatteras inlet...v.coceaeseceneassasssnanss| North Carolina .... 7 4 57 2.0 2.2 1.8 6 7 6 7 50
Beaufort.cceescessssssccsssssoss-sossssss|acee 7 96 50 2.8 3.3 2.2 6 11 6 10 42
Bald Head.ccoos cuvsaveesvasocssovasannee 796 34 4.3 5.0 3.4 618 617 a1
Smithville .... 719 38 4.5 5.5 3.8 6 1 6 26 26
Wilmington csvse.cveesscscnssssesccesees|oseil@Oress=sonnsesss 9 6 10 2.7 3.1 2.2 4 45 7 40 30
Georgetown entrancCe..vsessssessesssessss| South Carolina.... 7 56 42 3.8 4.7 2.7 6 4 6 19 35
Bull’s Island bay..... shssnsssse soveseenssforecdOivanviovevsnins 716 57 4.8 5.7 3.7 6 20 6 6 30
Charleston, (custom-house wharf).....eeufieeidooiaes. 726 48 5.1 6.0 4.1 6 19 8 7 33
St. Helena sound covsseesvesscssssscssen.|arsado... 78 10 5.9 T A 4.4 613 612 23
Fort Pulaski, (Savannah entrance)........| Georgia..... 720 40 7.0 8.0 5.9 549 6 35 26
Savannah, (dry dock wharf) coecvevecennafoneid0uiiiinannnana, 813 51 6.5 7.6 5.5 5 4 722 14
Doboy Light-house. .eeseesevessns EETTR TN SR [ PN 733 55 6.6 7.8 5.4 6 2 [ g (N
St. SiMoNS ..eeevesesssssasensnsanns »aelOLassbsisesasia 7 43 46 6.8 8.2 5.4 6 10 6 16 20
Fort Clinch....... Florida ... 753 16 59 6.7 5.3 6 9 5 b (Y
St. John’s TiVer sevevessssoas olsevidOsesencsesscors 728 48 4.5 5.5 3.7 5 58 6 928 16
St. AUZUSLINEe.eevessasssscsesarscsnsrssnsfireslOuiaaersnsnnnnes 821 43 4.2 4.9 3.6  al 6 11 3
Cape Florida uveveessrssessaees PR TR T T P () DS, 8 34 51 1.5 1.8 1.2 6 0 6926 45
INdian Key ccovecsscsansecssssansssssasenlecelOoenssone vossse 8 23 49 1.8 2.2 1.3 625 5 59 19
Sand key..coaeeeances * s U s nspithion vods BAFNIER worasve 1.2 2.0 0.6 6 31 5 55 13
IRET Welk ivngsns ool P R SN ) T 1. P DT S 9 30 1 15; 1.3 1.5 0.9 6 55 599 12
ROLHIEER <sasinersnstipnons sy sosssors sunslsonsUDsonvinnsssians 9 56 132 1.2 1.5 0.6 6 43 540 [eeveneee
Tampa Bay, (Egmont key). o 11 21 133 1.4 1.8 1.0 6 36 6 11 43
Gedor Kayw, (DePot KeY) i+ oiesrsssessassefoserllOeiecintneesves 13 15 155 2.6 3.2 1.6 6 12 8 1% hantoms
Bt Mar e svioves vansvavsvesossvose 13 38 2 0 2.2 2.9 1.4 612 811 |iceasses

RS (L [ e P
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TABLE I—Continued.

INTERVAL BETWEEN
TIME OF MOON’S
RN AN RISE AND FALL. MEAN DURATION OF—
OF HIGH WATER.
PORT. STATE. = =
g £S5t § i :
g Ezs z 3 = 3
= CH e . &0 L e s -
g cc8| § £ g g = H
3 Bl e @ z & 8 &
1 9, 3. 4 5 6 % 8 9 10
WESTERN COAST. h.m. h. m. Feet. Feet. Feet. h m. h. m. h. m,
R R A ol M California .vu.svees 938 135 3.7 5.0 23 i o 030
1350 PEAR: oy 2 5ok ssasmane sse RO R ONE " X s 1 S 9 39 148 3.7 4.7 2.2 618 65 1. 30
Coyler’ S BAIDOT < ovavonve csevndtesssssae S L R 925 1'% 3.7 5.1 2.8 613 6 5 lwieeas
Ban Latls'ODbISp0 5 s syvis svas sast sovvacss FelOtiiT et e vanbai 10 8 152 3.6 4.8 2.4 625 558 feaiieans
Monterey..eeasevsensise S aaneohes s PR, PR PR i ARR 10 22 49 3.4 4.3 2.5 631 6 3 i
SORMCEATATIONS s wiohan o s huis vor b diSnaes oo ld09a o wenss vos 10 37 116 3.6 44 2.8 618 69 leverinns
San Francisco, (north beach) ............ o esl0usss dhnnaveve 12 6 1T 4 3.6 4.3 2.8 639 551 4
Mare Islaud, (San Francisco bay) ........ esss@0usve sonsinses 13 40 115 4.8 5.2 4.1 613 8. T s sons
Benicia............ PSR e s ses cesennes S L SO 14 10 10 4.5 5.1 3.7 6 26 559 fevenaas .
Ravenswood............. senace ssseonsans ered 0L 3% sne “san i2 36 57 6.3 7.3 4.9 615 Ll ) .
BodeRa susiisuvenie beasviseiih ciniss vesl0scacss vova e 11 17 154 3.6 4.7 2.7 619 559 |iveseses
Humboldt bay ................ e von [ wedDis s b dd oaidete 12 2 111 4.4 5.5 3.5 6 19 B
PORIOMON vovseronmsetetabagititi s Oregon Territory. .. 11 26 16 5.1 6.8 3.7 619 6 7 39
ASBLOTIB ove voresrsrsnonipsons s —s B o ae@0esven s eanie 12 42 113 6.1 7.4 4.6 6 3 6 28 33
Nee-ah harbor ,........ u s wa ks HaBE R e Washington Ter’y . 12 33 128 5.6 7.4 4.8 6 20 6 6 |eeeavann
Port Townshen@®,, . cist. corsevsrssinssen s B0usue onenastiong 349 5 4.6 5.5 4.0 6 34 552
Steilacoom* 446 186 9.2 11.1 7.2 6 3 625 28
Semi-ah-moo bay* 4 50 O 5.7 6.6 4.8 6 11 6 19 26

-
* Bee remarks on page 22 and following.

Note.—The mean interval in column 3 has been increased by 12k. 26m., (half a mean lunar
day,) for some of the ports in Delaware river and Chesapeake bay, so as to show the succession
of times from the mouth. Therefore 12/. 26m. ought to be subtracted from the establishments
which are greater than that quantity before using them.

The foregoing Table I gives the means of determining, roughly, the time and height of high
water at the several ports named. The hour of transit of the moon preceding the time of high
water is to be taken from the Almanac, and the mean establishment being added the time of
high water results. Thus:

Example 1.—1t is required to find the time of high water at New York on November 5, 1854.
The American Almanac gives 0k Om. as the time of transit of the moon on that day. The
mean interval for New York, from Table I, column 3, is 84. 13m., which, as the transit was
at Ok., is, roughly, the time of high water. The moon being full, the height is that of spring
tides of column 6, viz: 5.4 feet. If the soundings on the chart are reduced to low water spring
tides, 5.4 feet are to be added to them to give the depth at high water. If the soundings are
reduced to mean low water, the rise and fall of mean tides being 1.1 foot less than for springs,
the rise or increase of depth will be half of this, or 0.6 of a foot less than 5.4 feet, which is
4.8 feet, or nearly four feet ten inches. 2

Example II.—Required the time of high water at Boston on January 23, 1851. From the
American Almanac we find the time of the moon’s southing or transit on that day 5k. 18m.
a. m., and from Table I the mean interval at Boston dry dock is 114 27m.
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We have then 5%. 18m. time of transit.
To which add 11 27 mean interval from Table 1.

16 45 time of high water, or 44 45m. p. m.

If the Greenwich Nautical Almanac is used, add 2m. to the time of transit of Greenwich for
every hour of west longitude and its proportional part for less than an hour. It will suffice to
take the half hour which may be over any number of hours, as the correction for less than this
would be less than one minute, and need not be taken into account. Thus, Boston is 44. 44m.
west of Greenwich. The correction to be applied to the time of transit of the moon is, for the
four hours, eight minutes, and for the forty-four minutes, one minute. The time of transit on
the date assumed in the preceding example is 1TA. 9m. of the 22d, or 5k. 9m. a. m. of the 23d,
to which add nine minutes; the correction just found gives 5. 18m., as before ascertained from
the American Almanac.

In using the United States Nautical Almanac, in the astronomical part of which the transits
of the moon are given for the meridian of Washington, the corrections required may, in this
first approximation for the Atlantic coast, be neglected. To find the time of the next following
low water add, from Table I, the duration of ebb tide.

This gives 4k 45m. p. m. time of high water.

6 13  duration of ebb tide from Table I.

10 .:68" p.m,

By subtracting the duration of flood tide we obtain the time of the preceding low water,
104. 32m. a. m., recollecting that 4%. 45m. p. m. is the same as 16k 45m. reckoned from mid-
night. .

The height of this tide, corresponding to the transit of 5h., will bring it nearly to a neap
tide, and the rise .and fall obtained from column T, Table I, is 8.5 feet. The next following
high water may be had by adding to the time of low water the duration of flood from Table I.
Thus:

10%. 58m. p. m. time of low water January 23.
6 13 duration of flood from Table I.

Sum 17 11 or 5k. 11m. on January 24.

Or, having found the time of high water, the time of the next following high water may be
found by adding the duration of flood and ebb together, and their sum to the time of high
water found, thus:

6/4. 13m. duration of ebb tide, from Table I.
6 13 duration of flood.

Sum 12 26 duration of whole tide.
4 45 p. m., January 23, time of high water.

Sum 17 11  or 5k 11m. a. m., January 24, time of the next succeeding high water.,
Suptracting the same quantity will give the time of the preceding high water, thus:

4h. 45m. p. m., or 16%. 45m. from midnight, is the time of high water.

12 26 duration of flood and ebb tide.

4 19 a. m. of the 23d for the preceding high water.
The duration of the flood and the ebb being reckoned from the middle of one stand or slack
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water to the middle of the next, the time of beginning of stand of ebb or flood will be found
by subtracting half the duration of stand or slack water given by column 10, Table I, from the
time of high or low water, and the time of the end of the stand of ebb or flood by adding the
same. A nearer approximation to the times and heights of high water may be obtained by

the use of Tables II and III.

TABLE IL

Interval between the time of moon’s transit and the time of high water for different hours of transit, and for several different porls.

Time of moon’s| Boston, Mass. | New York, |Philadelphia,/Old Pt. Com-| Baltimore, | Smithville, Charleston, |Ft. Pulaski,_Sa- Key West, | 8an Francisco
transit. N. Y. Pa. fort, Va. Md. N. C. 8.0. vannah, Ga. Fla. Cal.
|
|
k. m. h. m. h. m. h. m. B m. h. m. h. m. h. m. h. m. k. m. | h. m
0 0 11 38 8 20 T 8 33 6 47 7 2 7 38 7 30 333 ols - 106
0 30 115 33 8 18 1 28 8 27 6 42 7 91 7433 7. 25 988 . 16
.0 11 28 8 15 1 25 8 21 6 37 7 16 7 97 7 19 9 19 11 53
1 30 11 24 8 10 1 21 8 15 6 31 7 13 7 21 7. 15 9 13 11 47
2" 11 20 8 6 1 18 g 9 6 26 <] 7 16 T 9 6 11
2 30 11 16 8 0 1 14 8 4 6 21 % B 7 12 7. & R § 11 36
3 0 113 7 &5 111 8 0 6 17 y F ] -8 ) 8 57 11 33
3 30 11 10 7 52 1 8 7 56 6 13 (R 75 75 8 53 1118
S ) b 7 52 o 7 52 6 11 ;| R y i | 8 53 11 38
4 30 b1 T 7 52 Lo 8 7 49 6 10 Toad v | 2 S 8 56 11 46
5 0 1. e 7 53 S 7 48 6 10 7.4 T3 ¥ 4 9 2 11 55
5 30 gk 7 56 0 59 7 50 6 13 7ing Vi ¥ 8 9 10 2 3
6 0 11 13 7 59 0 59 7 53 6 19 7 9 7 12 BB 9 2 3% 13
6 30 11 19 D L 8 0 6 25 7 13 7 19 7 12 9 33 12 16
; 11 25 8 11 L 8t ¥ 6 32 (& 7 24 7 16 9 49 12 23
7 30 11 32 8 17 1 15 8 15 6 39 7 28 7 32 7 22 10 0 12 29
8 0 11 38 8 23 1 23 8 24 6 44 7 928 v a8 7 28 10 6 12 34
8 30 11 43 8 27 189 8 33 6 49 7843 7 45 7 34 10. ¥ 12 37
9 0 11 47 8 32 1 34 8 40 6 52 797 7 48 7 39 10 6 12 36
9 30 11 48 8 34 1 39 8 45 6 54 7 39 7 50 7 49 03 12 34
10 0 11 49 8 35 1 42 8 48 6 53 7 40 7 50 7 43 9 59 12 30
10 30 11 48 8 34 1 43 8 48 6 52 7 40 7 47 7 41 9 56 12 924
b R 11 47 8 31 1 41 8 46 6 50 7 36 7 4 T3y 9 48 12 17
1 30 11 43 8 25 1 37 8 40 6 48 7 30 7 41 7 34 9 40 12 9

Showing the rise and fall of tides, and corrections to be applied to determine the depth at kigh water of soundings on charts referred to mean

TABLE III.

low water, and to low waler spring tides.

Time of Boston. Mass. _ New York, N. Y. Philadelphia, Pa, Old Point Comfort, Va. Baltimore, Md. it of
moon’s moon’s
tramsit. | A, B. o, A. B. c. A. B. o3 A. B. c. A. B. C. | transit.
-
Hour. | Feet. Feet, | Feet. | Feet. | Feet. | Feet. | Feet. Feet, | Feet. Feet. | Feet. | Feet. Feet. Feet. | Feet, Hour,
0 1.2 | 10.6-| 11.8 4.9 4.5 49 6.3 6.2 6.3 2.9 2.6 2.9 1.5 14 1.6 0
1 1.8 | 106 | 118 4.9 4.5 4.9 6.4 6.4 6.5 3.0 2.7 3.0 1.5 1.4 1.6« 1
2 20 V105 | 1158 4.7 4.4 48 6.6 6.5 6.6 2.9 2.7 2.9 15 1.3, | 1.5 2
3 10.6 | 10.3 | 10.0 4.3 4.2 4.6 6.6 6.5 6.6 2.6 26 2.8 1.4 1.8 1.5 3
4 10.0 | 10.0 | 10.7 3.8 4.0 4.4 6.4 6.4 6.5 2.3 2.4 2,7 s 1.2 1.4 4
5 9.2 9.7 | 10.4 8.5 3.8 4.2 6.1 62 6.3 2.1 2.3 2.6 1.1 1.1 1.3 5
6 8.8 9.4 | 10.1 3.3 3.7 4.1 5.7 5.9 6.0 2.0 2.9 2.5 0.9 sl 1.3 6
7 8.6 9.3 | 100 3.3 3.7 1.1 5.4 5.6 5.7 2.0 2.3 2,5 0.9 1.1 1.3 U
8 8.9 9.5 | 102 3.6 3.8 4.2 5.2 5.3 5.4 2.2 2.4 26 1.0 LT 1.4 8
9 9.4 9.7 | 10.4 40 4.0 4.4 5.4 5.4 5.5 2.5 2.5 2.8 i1 1.3 1.5 9
10 10.1 10.0 | 10.v 4.5 4.3 47 5.7 5.7 5.8 2.8 2.7 2.9 1.3 1.4 1.6 10
11 10.7 [ 103 | 11,0 4.8 4.5 4.9 6.0 6.0 6.1 3.0 2.8 3.0 14 1.4 1.6 11
1
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TABLE III.—Continued.

2 Smithville, N, C. Charleston, 8. C. Fort Pulaski, S8avannah Key West, Fla. 8an Francisco, Cal.

Time of entrance. Time of
moon’s moon’s
transit. transit.

A. B. C. A. B. C. A. B. C. A, B. C. A. B. C.

Hour. Feet. | Feet. | Feet. | Feet. | Feet. | Feet.| Feet.| Feet. | Feet. | Feet. | Feet. Feet. | Feet. | Feet. | Feet. Hour.
0 5.2 4.8 5.1 6.0 5.5 6.0 7.8 7.4 7.8 1.5 1.4 1.5 4.5 4.0 4.4 0
1 5.1 4.8 5.1 5.9 5.5 5.9 7.9 7.4 7.9 1.5 1.4 1.5 3.9 3.7 4.1 1
2 5.0 4.7 5.0 5.7 5.4 58 7.6 7.3 T 1.5 1.4 1.5 3.7 3.6 4.1 ]
3 4.6 4.5 4.8 5.3 5.2 5.6 7.1 7.0 7.5 1.4 1.3 1.4 3.5 3.5 4.0 3
4 4,3 4.4 4.7 4.9 4.9 5.4 6.5 6.7 7.2 1.2 1.2 1.3 3.1 3.3 3.8 4
5 4.0 4.3 4.6 4.4 4.8 5.2 6.1 6.5 7.0 1.0 3 12 2.8 3.1 3.6 5
6 3.8 4.2 4.5 4,2 4.6 5.1 5.8 6.4 6.8 0.9 1.0 1.1 2.7 3.1 3.6 6
7 3.8 4.1 4.4 4.3 4.7 5.1 6.0 6.5 6.9 0.9 7% | 3.0 3.3 3,7 o
8 4.0 4.2 4.5 4.5 4.8 5.3 6.4 6.7 71 1.0 e 1.3 3.4 3.5 3.9 8
9 4.3 4.3 4.6 5.0 5.0 5.5 6.9 6.9 7.4 p 1.3 1.4 3.8 3.6 | 41 9

10 4.7 4.6 4.9 5.5 5.3 5.8 7.4 7.0 7.6 1.4 1.4 1.5 4.0 3.8 4.2 10
11 5.0 4.7 5.0 5.9 5.5 5.9 7.8 7.2 7.8 145 1.4 1.5 4.2 3.8 4.3 11

In these the variations in the interval between the moon’s transit and high water are shown
for some of the principal ports contained in Table I. These variations of intervals depend
upon the age of the moon, and, as they go through their values in half a lunar month, are
known as the half-monthly inequality of interval. The table extends from the O of transit,
midnight of the calendar day, or full of the moon, to 113 hours. The numbBers for change of
the moon correspond to those of 0%., and for 13 hours (or 14. p. m. of the calendar day) to 1
hour, and so on up to 23 hours. The ports for which the numbers are given are designated by
the heading of the column.

The mean interval, it will be seen, does not occur at full and change, but nearly two days
afterwards, on the Atlantic coast. At Key West it occurs more nearly at full and change, and
at San Francisco still more nearly.

The same remark applies to the heights; spring tides occur about two days after the full and
change of the moon, and neaps two days after the first and last quarters. The use of this
table of nearer approximation is quite as simple as that of Table I.

Rule to find the time of high water.—Look in the Almanac for the time of moon’s transit (or
southing) for the date required. In the table corresponding to that time will be found the
number to be added to the time of transit.

Example 111.—Required the time of high water at New York October 1, 1856. Using the
United States Nautical Almanac, we find the time of moon’s transit 14. 24m. astronomical
reckoning, or 14 24m. p. m. calendar time. From Table II we have, under the Heading of
New York, for 14. 30m. (the nearest number to 14. 24m. in the table) 84. 10m.

Thus, to 1A. 24m., time of moon’s transit,

Add 8 10 interval found in Table III.

The sum 9 34  p. m. is the time of high water on the 1st of October, 1856.

If the sum of these numbers had exceeded twelve, the tide would have belonged to October
2, and we must have gone back to the transit of the day before and computed with it to obtain
the tide of October 1.

Rule to find the height of high water.—Enter table IIT, column 1, with the time of moon’s
transit. In the column headed with the name of the place, and marked A, will be found the
rise and fall corresponding to the time of transit; in column B the number to be added to
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soundings on the chart, where the soundings are given for mean low water; in column C the
number to be added to charts of which the soundings are given for low water spring tides.

In the foregoing example, (III,) the time of transit being 1 and 2 hours, we find from Table
III the rise and fall of tides on the 1st of October, 1856, between 4.9 and 4.7; the number to
be added to soundings given for mean low water 4.5 feet, (column B,) and for low water spring
tides (column C) 4.9 feet.

Having found the time of high water, that of low water may be obtained, nearly, by adding
the duration of ebb from column 9, Table I. The time of the next preceding low water may
be found by subtracting the duration of flood from column 8, Table I. The time of the next
following high water may be found by adding the duration of both flood and ebb; and of the
next preceding high water by subtracting the same duration of the whole tide.

Example IV.—To find the next high water following that of Example III.

The duration of flood, column 8, Table I, for New York is 64 Om., and of ebb, from column
9, is 6k. 25m.; the sum is 124 25m.

To 9. 34m. p. m., October 1, time of high water found,

Add 12 25 duration of flood and ebb.

Sum 21 59  or 9k 59m. a. m. of October 2, the time of the next high water.
TIDES OF THE PACIFIC COAST AND OF PART OF THE COAST OF FLORIDA.

On the Pacific coast there are, as a general rule, one large and one small tide during the
day, the height of the two successive high waters occurring one a. m. the other p. m. of the
same twenty-four hours, and the intervals from the next preceding transit of the moon are
very different, The inequalities depend upon the moon’s declination; they disappear near
the time of the moon’s declination being nothing, and are greatest about the time of its being
greatest. The inequalities for low water are not the same as for high, though they disappear
and have the greatest value at nearly the same times. The tides of the southern part of
Florida and of the western coast of that peninsula, as far as St. Mark’s, are of the same char-
acter.

In Puget’s sound the inequalities for the interval of high water and for the height of low
water follow this rule; but those for the interval of low water and height of high water disap-
pear about one day before the moon’s declination is greatest, and are greatest about four or
five days before the greatest declination.

When the moon’s declination is north, the highest of the two tides of the twenty-four hours
occurs at San Francisco about eleven and a half hours after the moon’s southing, (transit;) and
when the declination is south, the lowest of the two high tides occurs about that interval.

. The lowest of the two low waters of the day is one which follows next the highest high
water. The nature of these tides will probably appear more plainly from the annexed
diagrams. In them the height of the tide is set off at the side on a scale of feet, and the
hours of the day are at the top. At 12 noon, for example, the tide-gauge marked 6.7 feet.
Joining all the heights observed in the twenty-four hours we have a curve like that marked in
the figure. The two high waters are @ and ¢, the two low waters b and d. If @ is the high
water which occurs about twelve hours after the transit of the moon, when the declination is
south, the ebb a bis quite small, and the high water, @, is much lower than the next high
water, ¢. If the moon’s declination is north, it is the large high water, @, of the second
diagram which occurs next after the transit, and about twelve hours from it. At Key
West the contrary obtains, diagram 1 applying when the moon’s declination is north, and
diagram 2 when south. Tables IV and V give the number to be added to the time of
moon’s transit to find the time of high water almost as readily as in the former case.
They are of double entry, the time of transit being, as before, placed in the first column,

3
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The number of days from the day at which the moon had the greatest declination is
arranged at the top of the table. Entering the first column with the time of transit, and
following the line horizontally until we come under the column containing the days from
the greatest declination, we find the number to be added to
the time of the transit to give time of high water. If the
moon’s declination is south, Table IV is to be used; if north,
Table V.

Tables IV to IX, inclusive, have been recomputed, using
more complete data for the inequalities above referred to,
and to those for San Francisco similar tables have been
added for San Diego, Astoria, Port Townshend, and Key
West, Fla. For the other places on the Western Coast

given in Table I the following rules will give sufficiently
DACRAM| 2 close approximations.

R /| To obtain the times of high or low water for San Pedro,
\ Cuyler’s harbor, and San Luis Obispo, compute first the

' time for San Diego by Tables IV, V, or VIII; then add to
) the time thus obtained 30 minutes to obtain the time for

d San Luis Obispo, and subtract 13 minutes for Cuyler’s
harbor. At San Pedro the time of high or low water is

/ sensibly the same as at San Diego.

] For Monterey, South Farallone, Mare Island, Benicia, Ra-
venswood, and Bodega, compute first the time for San Francisco, then subtract from the time
thus obtained 1%. 44m. for Monterey, 14 29m. for the South Farallon, and 45m. for Bodega;
and add 34m. for Mare island, 1%. 4m. for Benicia, and 30m. for Ravenswood. For Humboldt
bay, Port Orford, and Neeah harbor, compute first the time for Astoria, then subtract from it
40m. for Humboldt bay, 1. 16m. for Port Orford, and 9m. for Neeah harbor.

For Steilacoom and Semiahmoo bay, compute first the time for Port Townshend, and add to
it 57m. for Steilacoom, and 1A. for Semiahmoo. The approximation will be only a rough one
for Steilacoom.

For the heights, Tables VI, VII, and IX for San Diego can be used without change for San
Pedro, Cuyler’s harbor, and San Luis Obispo. These tables for San Francisco are also appli-
cable to Monterey, South Farallon, and"Bodega. For Mare Island add 1.2 foot, for Benicia,
0.9 foot, and for Ravenswood, 2.7 feet to the quantities for San Francisco.

For Humboldt bay, Port Orford, and Neeah harbor, the tables for Astoria may be used, sub-
tracting 1.7 foot for Humboldt bay, and 1.0 foot for Port Orford. For Neeah harbor ihe tables
will give approximate results without change.

For Semiahmoo bay, add one foot to the quantities in the tables for Port Townshend. For
Steilacoom, a rough approximation may be obtained by adding 4.6 feet to them.

W oa o &N

<

For the coast of Florida, compute the times of high or low water for Key West, and subtract
12m. for Indian key, and add 26m. for Tortugas and 1% 51m. for Egmont key, 3k 45m. for
Cedar keys, and 44. 8m. for St. Mark’s. For the heights, add half a foot for Indian key, and
use the tables without change for Tortugas and Egmont key. For Cedar keys and St. Mark’s,
the results could not be obtained with much accuracy in this way; special tables will be pre-

pared for those places,
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TABLE 1V.—KEY WEST.

19

»: SOUTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.
g .
-
ll Before— After—
S E
2 |
E v 6 5 4 3 2 1 0 1 2 3 4 5 6 7
B.m. Ko k. m. h. m. h. m. h.m. h.m. h m. h.m. hom. h.m. h.m. hom, h.m h. m. A.m.
0 00 9 40 9 30 918 907 9 01 8 49 8 44 8 40 8 40 8 46 8 54 9 06 916 9 927 937
0 30 933 923 911 9 00 8 54 8 42 8 37 8 33 833 8 39 8 47 8 59 9 09 920 9 30
100 9 96 9 16 9 04 853 | 847 | 835 | 830 | 892 | 82 | 832 | 840| 852 | 902 813 923
130 9 20 9 10 8 58 8 47 8 41 829 824 8 20 820 8 26 8 34 8 46 8 56 9 07 917
2 00 913 903 8 51 8 40 8 34 8 22 817 813 813 819 8 27 8 39 8 49 9 00 910
2 30 9 08 8 58 8 46 8 35 8 29 817 812 8 08 8 08 8 14 8 22 8 34 8 44 8 55 9 05
300 9 04 8 54 8 42 8 31 8 25 813 8 08 8 04 8 04 810 8 18 8 30 8 40 8 51 9 01
3 30 9 00 8 50 8 38 8 27 821 8 09 8 04 8 00 8 00 8 06 814 8 26 8 36 8 47 8 57
4 00 9 00 8 50 8 38 827 8 21 8 09 8 04 8 00 8 00 8 06 814 8 26 8 36 B 47 8 57
4 30 903 8 53 8 41 8 30 8 24 812 8 07 8 03 8 03 8 09 817 829 8 39 8 50 9 00
5 00 9 09 8 59 8 47 8 36 8 30 8 18 813 8 09 8 09 915 823 8 35 8 45 8 56 9 06
5 30 917 9 07 8 55 8 44 8 38 8 26 821 817 817 8 23 8 31 8 43 8 53 904 914
6 00 920 919 9 07 8 56 8 50 8 38 8 33 829 829 8 35 8 43 8 55 905 916 9 26
6 30 9 40 9 30 918 9 07 9 01 8 49 8 44 8 40 8 40 8 46 8 54 9 06 9 16 927 9 37
7 00 9 56 9 46 9 34 923 917 905 9 00 8 56 8 56 902 910 922 932 943 9 53
7 30 10 07 9.57 945 9 34 928 916 911 907 907 913 921 9 33 943 9 54 10 04
8 00 10 13 10 03 9 51 9 40 9 3 922 917 913 913 919 997 9 39 949 10 00 10 00
8 30 10 14 10 04 9 52 941 935 923 918 914 914 920 928 9 40 9 50 10 01 10 11
9 00 10 13 10 03 9 51 9 40 9 3 922 917 913 913 919 9 27 939 9 49 10 00 10 10
9 30 10 10 10 00 948 937 931 919 914 910 910 9 16 924 9 35 9 46 9 57 10 07
10 00 10 06 9 56 9 44 9 33 9 27 915 910 9 06 9 06 912 920 9 32 9 42 9 53 10 03
10 30 10 03 9 53 9 41 9 30 9 24 912 9 07 9 03 9 03 9 09 917 929 9 39 9 50 10 00
11 00 9 55 945 9 33 9N 916 9 v4 8 59 8 55 8 55 9 01 909 9 2] 9 31 942 9 52
11 30 9 47 9 37 9 25 914 9 08 8 56 8 51 8 47 8 47 8 53 901 913 923 934 944
TABLE V.—KEY WEST.
.: NORTH DECLINATION —DAYS FROM MOON’S GREATEST DECLINATION.
€. ’
oS
- & Before— After—
e
o A
E - 6 4 2 1 0 1 2 3 4 5 6 7
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TABLE 1IV.—SAN DIEGO

SOUTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.

-
E =
o g | Before— After—
i -
L4
£ ' 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7
Wheme | hom. h. m, hom.| hom.| hom | hom | hm h. m. h. m. he m. hom. | hom. | hom.| hom. h.om,
00 925 9 40 9 52 10 3 10 12 1020 | 10 25 10 29 10 29 10 25 10 19 10 10 10 0 9 47 9 30
030 | 915 9 30 942 9 53 10 2 1010 | 1015 10 19 10 19 10 15 10 9 10 0 9 50 997 9 20
3 A 9 8 9 23 9 35 9 46 9556| 10 3 10 8 10 12 10 12 10 8 10 2 9 53 9 43 9 30 9 13
130 | g | 916 9 28 9 39 9 48 9 56 10 & 105 10 5 10 1 9 55 9 46 9 36 9 23 9 6
2 0 | 8 54 99 9% 9 32 9 41 Y 49 9 54 9 58 9 58 9 54 9 48 9 39 929 916 8 59
230 | 8 49 9 4 9 16 9 27 9 36 944 9 49 9 53 9 53 9 49 9 43 9 34 924 911 8 54
3 0 | 8 48 9 3 915 9 26 9 35 9 43 9 48 9 52 9 52 9 18 942 9 33 9 23 9 10 8 53
330! 8 48 9 3 915 9 26 9 35 9 43 9 48 9 52 9 52 9 48 9 42 9 33 9 23 910 8 53
40[ 8 52 9 7 919 9 30 939 9 47 952 9 56 9 56 9 52 9 46 9 37 9 27 914 8 57
4301 8 56 9 11 9 23 9 34 9 43 9 51 9 56 10 0 10 0 9 56 9 50 9 41 9 31 918 $a 1
50| 915 9 30 942 | 953| 10 2| 1010 1015 1019 10 19 1015 | 10 9| 10 0| 95| 937 9 20
53 | 9 37 9 52 10 4| 1015 1024 | 1032 | 1037 10 41 10 41 10 37 1031 1022 1012 9 59 942
60| 85 1010 | 1022 1033 1042 1050 | 1055 | 1059 1059 | 1055 | 1049 ( 1040 | 1030 | 1017 | 10 0
630 | 1012 10 27 10 39 1050 | 1059 | 11 7 11 12 10 16 10 16 11 12 11 6| 1057 10 47 | 10 34 10 17
70| 1018 1033 | 1045| 1056 | 11 5|~ 1113| 1118 | 1122 11 922 118 | 1112 11 3| 1053 | 1040 | 1023
73 | 102 10 35 10 47 10 58 T 11 15 11 20 11 24 11 24 11 20 11 14 17 8 10 55 | 10 42 10 25
80| 102X 10 37 1049 | 11 0 11 9 11 17 11 22 11 26 11 26 11 92 11 16 11 7| 1057 10 44 10 27
83 | 1024 10 39 | 1051 11 2| 1111 | 1119 | 1124 11 28 11 28 11 24 1118 11 9| 1059 | 10 46 10 29
9 0 10 18 10 33 1045| 1056 | 11 5| 1113 | 1118 11 22 11 22 11 18 1112 11 3| 1053 10 40 10 23
9 30 ‘ 10 10 10 25 1037 | 1048 | 1057 | 11 5| 1110 11 14 11 14 11 10 11 4| 1055| 1045 | 10 32 10 15
51 [ | ] 10 15 10 27 10 38 10 47 10 55 11 0 11 4 11 4 11 0 10 54 | 10 45 10 35 10 22 10 5
10 30 9 53 10 8 1020 | 1031 | 1040 | 1048 | 10 53 10 57 10 57 10 53 1047 | 1038 | 1028 | 1015 9 58
11 0 9 45 10 0 1012 | 1023 | 1032 | 1040 | 10 45 10 49 10 49 10 45 1039 1030 ( 1020 10 7 9 50
11 30 l 9 36 951 10 3 10 14 10 23 ' 10 31 ’ 10 36 ' 10 40 10 40 10 36 10 30 10 21 10 11 9 58 9 41
¥ ! |
TABLE V.—SAN DIEGO.
a
- NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.
Eg
- = Before— After—
°E
o
E 7 6 5 4 3 1 2 1 0 1 2 3 4 5 6 7
h. m. h. m. h. m. h. m. h. m. h. m.! h. m. h. m. h. m. h. m. h.m. h. m. h.m. h. m. h.m h. m.
00 9 30 916 9 4 8 53 8441 8 36 8 31 8 27 8 27 8 31 8 37 8 46 8 56 99 9 26
0 30 921 9 6 8 54 8 43 834 | 82 821 8 17 8 17 821 8 27 8 36 8 46 8 59 9 16
10 914 8 59 8 47 8 36 827 819 8 14 8 10 8 10 8 14 8 20 829 8 39 8 52 9 9
130 9. 7 8 52 8 40 8 29 8 20 812 817 8 3 8 3 & 7 813 822 8 32 8 45 9 2
2 0 9 0 8 45 8 33 822 813 8 5 8 0 7 56 7 56 8 0 8 6 815 8 25 8 38 8 55
2 30 8 55 8 40 8 28 817 8 & 8 0 7 55 7 51 7 51 7 55 8 1 810 8 20 8 33 8 50
30 8 54 8 39 827| 816| 8 7| 759 754 7 50 750 7 54 80| 89| B19| 83 8 49
330 8 54 8 39 8 27 8 16 87| 7 59 7 54 7 50 7 50 754 8 0 8 9 8 19 8 3R 8 49
4 0 8 58 8 43 8 31 8 20 811 8 3 7 58 7 54 754 7 58 8 4 813 8 23 8 36 8 53
4 30 g2 8 47 8 35 8 815 8 7 8 2 7 58 7 58 8 2 8 8 817 8927 8 40 8 57
5 0 921 9 6 8 54 8 43 8 34 8 26 8 21 817 817 8 21 827 8 36 8 46 8 59 916
5 30 9 43 9 28 9 16 95 8 56 8 48 8 43 8 39 8 39 8 43 8 49 8 58 9 8 921 9 38
6 0 M1 9 46 9 34 923 914 9 6 91 8 57 8 57 91 9 7 9 16 9 26 939 9 56
6 30 10 18 10 3 9 51 9 40 9 31 9 23 918 9 14 914 9 18 924 933 9 43 9 56 10 13
70 10 24 10 9 9 57 9 46 9 37 929 924 920 920 924 9 30 939 949 10 2 10 19
7 30 10 26 10 11 9 59 9 48 9 39 9 31 9 26 9 22 R 9 26 9 R 941 951 | 10 4 10 21
8.0 10 28 10 13 10 1 9 50 9 41 9 33 9 28 924 924 9 28 9 34 943 953| 10 6| 1023
8 30 10 30 10 15 10 3 952 943 9 35 9 30 9 26 9 26 9 30 9 36 945 #55.|1"10 8 10 25
9 0 10 24 10 9 9 57 9 46 9 37 920 924 920 9 20 924 9 30 939 949 | 10 2 10 19
930 10 16 10 1 949| 938| 92| 921 916 912 9 12 916 922 931 941 | 954 1011
10 0 10 6 9 51 939 928 919 911 9 6 9 2 9 2 9 6 912 921 9 31 944 10 1
10 30 9 59 9 44 9 32 9 21 912 9 4 8 59 8 55 8 55 8 59 9 5 914 9 24 9 37 9 54
1L 0 9 51 9 36 924 913 9 4 8 56 8 51 8 47 8 47 8 51 8 57 96 916 929 9 46
11 30 99 927 915 9 4 8 55 8 47 8 42 8 38 8 38 8 42 8 48 8 57 9T 9 20 9 37
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TABLE IV.—SAN FRANCISCO.

“g SOUTH DECLINATION.,—DAYS FROM MOON’S GREATEST DECLINATION.

e

w & Before— After—

© g

° 5

5 % 6 5 4 3 2 1 0 1 2 3 4 5 6 7

h. m. h. m. h.m. | h.m. h.m h. m. h.m. hom. | h.m. h. m. h.m h. m. h. m. h. m. h. m. ke m.
00 1143 | 1159 | 1215 12 33 1250 | 13 03 1317 13 20 13 19 13 14 13 07 12 57 12 45 12 32 12 18

30 11 37 11 63 1209 1227 1244 | 1257 | 1311 13 14 13 13 13 08 13 01 12 51 12 39 12 26 12 12
1=0 11 31 11 47 12 03 12 21 12 38 | 12 51 1305 | 13 08 13 07 13 02 12 55 12 45 12 33 12 20 12 06
130 1125 1141 11 57 1215 | 1232 | 1245 1259 | 1302 13 01 12 56 12 49 12 39 12 27 12 14 12 00
2.0 11 19| 1135 | 1151 1209 | 1226 12 39 12 53 | 12 56 12 55 12 50 12 43 12 33 12 21 12 08 11 54
2 30 11 14| 11 30 11 46 12 04 12 21 12 34 12 48| 12 51 12 50 12 45 12 38 12 28 12 16 12 03 11 49
30 [ @ 1| AT R7 11 43 12 01 1218 1231 1245 | 1248 | 12 47 12 42 12 35 1225 12 13 12 00 11 46
3 30 1111 11 27 11 43 12 01 12 18 12 31 12 45 12 48 12 47 12 42 12 35 12 25 12 13 12 00 11 46
4 0] 1116| 1132| 1148 | 1206 1223 | 1236 | 1250 | 12 53| 1252 | 12 47 12 40 12 30 12 18 12 05 11 51
430| 1124 | 1140 1156 | 1214 | 1231 | 1244 | 1258 | 1301 | 1300 | 12 55 12 48 12 38 12 26 1213 11 59
550 11 33 11 49 12 05 12 23 12 40 12 53 13 07 13 10 13 09 13 04 12 57 12 47 235 12 22 12 08
530 | 1141 1167 ( 1213 | 1231 1248 1301 1315| 1318 | 1317 | 1312 13 05 12 55 12 43 12 30 12 16
6 0 11 49 12 05 12 21 12 39 12 56 13 09 13 23 13 26 1325 13 20 13 13 13 03 12 51 12 38 12 24
630 1154 1210 1226 | 1244 | 1301 1314 | 1328 | 1331 1330 | 1325 13 18 13 08 12 56 12 43 12 29
b 12 01 12 17 12 33 12 51 13 08 13 21 13 35 13 38 13 37 13 32 13 25 13 15 13 03 12 50 12 36
730 1207 1223 1239 | 1257 | 1314 | 1327 | 1341 1344 | 1343 | 13 38 13 31 13 21 13 09 12 56 12 42
8 0 12 12 12 28 12 4 13 02 1319 | 133 13 46 13 49 13 48 13 43 13 36 13 26 13 14 13 01 12 47
830 | 1215 | 1231 1247 | 1305 | 1322 | 1335| 1349 | 1352 | 1351 | 13 46 13 39 13 29 13 17 13 04 12 50
9 0| 1214 | 1230 | 1246 | 1304 | 1321 1334 | 1348 | 1357 | 1350 | 13 45 13 38 13 28 13 16 13 03 12 49
9 30 12 12 1228 | 12 44 13 02 1319 | 13 32 13 46 13 49 13 48 13 43 13 36 13 26 13 14 13 01 12 47
10 0 12 08 12 24 12 40 12 58 13 15 13 28 13 42 13 45 13 44 13 39 13 8 1322 13 10 12 57 12 43
10 30 12 02 12 18 12 34 12 52 13 09 13 22 13 36 13 39 13 38 13 33 13 26 13 16 13 04 12 51 12 37
11 0| 1185 1211 1227 | 1245 | 1302 | 1315 | 1329 1332 | 1331 | 1326 1319 13 09 12 57 12 44 12 30
11 30 11 47 12 03 1219 12 37 12 54 13 07 13 21 13 24 13 23 13 18 13 11 13 01 12 49 12 36 12 22
TABLE V.—SAN FRANCISCO.

*: NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.

2 »

g

w2 Before— After—

e

)

5 7] 6 5 4 3 2 1 0 1 2 3 4 5 6 7
h.m h. m. h.m. h.m. h.m. h m.| h om h. m. h. m. h. m. h. m. k. m. h. m. k. m. h. m. h. m.
0 12 27 211 11 55 1137 1120 11 07 10 53 10 50 10 51 10 56 11 03 11 13 1125 11 38 11 52
0 30 12 21 12 05 11 49 11 31 11 14 11 01 10 47 10 44 10 45 10 50 10 57 11 07 11 19 11 32 11 46
10 1215 11 59 11 43 11 25 11 08 10 55 10 41 10 38 10 39 10 44 10 51 11 01 11 13 11 26 11 40
13| 1209 1163 1137 | 1119 1102 1049 1035| 1032 | 1033 | 1038 10 45 10 55 11 07 11 20 11 34
2 0 1203 | 11 47 11 31 11 13 10 56 1043 | 1029 | 10 26 10 27 10 32 10 39 10 49 11 01 11 14 11 28
230 1158 11 42| 1126 | 1108| 1051 | 1038 | 1024 | 1021 | 1022 | 1027 10 ¢ 10 44 10 56 11 09 11 23
3 0| 1155 1139 1123 1105| 1048 | 1035 | 1021 1018 1019 | 1024 10 31 10 41 10 53 11 06 11 20
330| 1055| 1130| 1193| 1105| 1048| 1035 | 1021 | 1018| 1019 102¢4| 1031 | 1041 | 1053 | 1106 | 1120
4 0 12 00 | 11 44 11 28 11 10 | 10 53 | 10 40 10 26 10 23 10 24 10 29 10 36 10 46 10 58 11 11 11 25
430| 1208 1152 1136 | 1118 | 1101 10 48 | 10 34| 10 31 10 32 | 10 37 10 44 10 54 11 06 i1 19 11 33
$ 0] 1227 | 101 1145 | 11927 1110| 1057 | 1043 | 1040 | 1041 10 45 10 53 11 03 11 15 11 28 11 42
530 | 1295| 1200| 1153| 1185| 1118] 1105 1051 | 1048 | 1049 | 1054 1101 1M | 1123 | 113 11 50
6 0| 1233 | 1217 | 1201 1143 1126 | 1113 | 1059 1056 | 1057 | 11 02| 1109 1119 11 31 1144 | 1158
6 30 12 38 12 22 12 06 11 48 11 31 11 18 | 11 04 11 01 11 02 11 07 11 14 11 21 11 36 11 49 12 03
7.0 12 45 12 29 1213 1155 | 1138 | 1135 11 11 11 08 11 09 11 14 1121 11 31 11 43 11 56 12 10
73 | 1951 | 1235| 1219 1200 10 44| 1131 1117( 14| 1115 1120 | 1127 13 | mae| 120 12 16
8 0| 1256| 1240| 1224| 1206 | 1149 1136 | 1122 | 1119 112 | 1125 11 32 11 42 11 54 12 07 12 21
830 1259 | 1243 1297 | 1209 | 1152 1139 | 1125 | 1122 | 1123 | 1128 11 35 11 45 11 57 12 10 12 24
9 0] 1258 | 1242 | 1226 | 1208 | 1151 1138 1124 1121 112 | 127 11 34 11 44 11 56 12 09 12 23
930 1256 | 1240| 1224 | 1206 1149 | 1136 11 22| 1119| 1120 ( 1125 11 38 11 42 11 54 12 07 12 21
10 0 12 52 12 36 12 20 1202 11 45 11 32 11 18 11 15 11 16 11 21 1128 11 38 11 50 12 03 12 17
10 30 12 46 12 30 12 14 11 56 11 39 11 26 11 12 11 09 11 10 1115 12 11 32 11 44 11 57 12 11
11 0| 1239 (. 12923 1207 | 1149 | 13| 1119|1105 11| 1103 | 11708 11 15 11 25 11 37 11 50 12 04
11 30 12 31 12 15 11 59 11 41 11 24 11 10 57 10 54 10 55 11 00 11 07 1117 1129 11 42 11 56




| S
154

REPORT OF THE SUPERINTENDENT OF

] TABLE IV.—ASTORIA.

SOCTH DECLINATION.-—DAYS FROM MOON’S GREATEST DECLINATION.

=
g
g3
= E- Before— After—
.
i g 7 6 5 4 3 2 1 0 /i 2 3 4 5 6 7
h. m. h. m. h. m, h. m. h.m. h. m. h., m. h. m. h. m. h. m. ho . h. m. h. m. h.m h. m. k. m.
0 0| 1242| 1255| 13 5| 1318| 1328 | 13 38 | 13 41 | 13 45 | 13 46 | 13 44 | 1340 | 1334 132¢| 1314 | 13 2
030 | 1236| 1249 | 1259 | 1312| 1322 | 13 82 | 13.35 | 13 39 | 13 40 | 13 38 | 1334 | 1328 | 1318 13 8| 12 56
, 1. 0| 1229 124 1252| 13 5| 1315 13 25 | 13 98 | 13 32 | 1333 | 13 31 | 1B27| 1321 B1| 13 1] 12 49
| 13 | 1223 1236 1246 1259 13 9| 13 19 | 13 22 | 13 26 | 13 27 | 13 25 | 1321 | 1315| 13 5| 1255 | 12 43
‘ 2 0| 1215| 1298| 1238 | 1251 13 1| 13 11 | 13 14 | 13 18 | 13 19 | 13 17 | 1313| 13 7| 1257 1247 12
i 2 3 | 129|129 23| 124 1255 13 5| 13 8 | 1312 |13 13| 13 11 | 13 7| 13 1| 1251 1241 12 29
| 3 0| 123| 1216 1226| 1209 1249| 12 59 [ 13 2| 13 6 |13 7| 13 5 | 13 1| 1255| 1245| 123 | 12 93
g [} 33 | 1158 1211 | 1221 | 1234 1244 | 12 54 | 12 57 [ 13 1 | 18 2 | 13 o0 | 125 | 1250 | 1240 | 1230 | 12 18
f 4 0| ns7| 1210 122 | 1233| 1243] 12 53 | 12 56 | 13 o | 13 12 59 | 1255 1249 1239 1220 | 12 17
B 43 | 12 0| 1213 1223 1236 1246 12 56 | 12 59 [ 13 3 | 13 4| 13 2 | 1258 125 124 123/ 12 2
5 0| 12 8[| 1221 1231 1244 1254| 183 4 [ 13 7 | 13 11 | 13 12 | 13 10 | 13 6| 13 0| 1250 | 1240/ 12 o8
j 530 1215 1228 1238 | 1251 13 1| 13 11 | 13 14 | 13 18 | 13 19 | 13 17 | 1313 13 7| 1257| 1247 12 35
, 6 0 | 1295 1238 1248 13 1| 1311 | 13 21 | 13 24 | 13 28 | 13 29 | 13 27 | 1323| 1317| 13 7| 1257 | 12 45
630 | 1236 1249| 1259 | 1312 132 | 13 3 | 13 35 | 13 39 | 13 40 | 13 38 | 1334| 1328 1318] 13 8| 12 55
7 0| 1245| 1258| 13 8| 1321 1331 | 13 41 | 13 44 | 13 48 | 13 49 | 13 47 | 1343| 1387 1327| 1317 13 5
Kl 73 | 1255 13 8| 1318| 1331 | 1341 | 13 51 | 13 54 | 13 58 | 13 59 | 13 57 | 1353 | 1347| 1337/ 132w/ 13 15
1 8 0133|1316 132 | 1339 1349 13 59 | 14 2 | 14 6 | 14 7 | 14 5 | 14 1| 1355| 1345 1335 13 23
[bp 8 30 | 13 8| 1321 1331 1344 1354 14 4 | 14 7 | 1411 | 14 12 | 14 10 | 14 6| 14 0| 1350 1340| 13 28
‘ 9 0| 1310 1323| 1333 | 1346 1356 | 14 6 | 14 9 | 14 13 | 14 14 | 14 12 | 14 8| 14 2| 1352| 1342 13 30
. ]‘ 1§ 9 30 | 13 9| 1322 1332 | 1345 1355| 14 5 | M4 8 | 14 12 | 14 13| 14 B | 14 7| 14 1| 1351| 1341 13 929
fH 10 0 | 13 5| 1318| 1328 1341 | 1351 | 14 1 | 14 4 | 14 14 9| 14 7| 148 1357 1847 | 1397 | 13 25
i 10 30 | 1259 1312 1322 | 1335 1345( 13 55 | 13 58 | 14 2 | 14 3 | 14 1 | 1357| 1351 | 1341 1331 | 13 19
11 0| 1253 13 6| 1316 1320 1339| 13 49 | 13 52 | 13 56 | 13 57 | 13 55 | 1351 | 1345| 1335| 1325 | 15 13
fL 1 3 | 1245 1259 13 9{ 13922 1332 13 42 | 13 45 | 13 49 | 13 50 | 13 48 | 1344 | 1338| 1328| 1318 13 6
¥ TABLE V.—ASTORIA, .

NORTH DECLINATION.~DAYS FROM MOON’S GREATEST DECLINATION.
»

;ﬂ
|
E s :
‘l-‘ 5 é Before— After—
| o
{ ’ E 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7
4l L -2
i H hom | bhw| hm | hm| hm | hm| hom | home | Bom | home | hom | hem| hm| hm| hm| K om
00 | 1310 1257 1247| 1284 1224| 12 14 [ 12 11 | 12 7 |12 6 [ 12 8 | 1212| 1218| 12268 1238 12 50
! 030 | 13 4| 1251 1241 1228 1218| 12 8 | 12 5 [ 12 1 |12 0 |1 2 |12 6| 1212 12| 123 13 «
mErr 1 0| 1257 1244 123¢| 1221 1210 12 1 | © .58 [ 11 54 | 11 53 | 1 55 | 1159) 12 5| 1215 1295 198 37
i) I 13 | 1250 1238 1228 1215 12 5| 1L 55 | 11 52 | 11 48 | 11 47 | 11 49 | 1153| 1159| 12 9| 1219| 12 a1
! 9 -0 | 1243| 1230 122 | 12 7| 1057 | 11 47 | 11 44 | 11 40 | 11 39 | 11 41 | 1145| 51| 12 1| 1211 | 12 o3
93 [ 1237| 122¢| 1214 12 1| 1151 11 41 | 11 38 | M 34 | 11 8 | 1 35 | 139 45| 1us| 12 5| 12 17
3 0 | 128 | 1218 12 8| 1155 1145 11 35 | 11 8 | 1 928 | 11 27 | 11 20 | 1133 | 1139 | 1149| 1159] 12 11
| 33 | 129 | 1213 12 3| 1150 | 1140 1L 30 | 11 27 | 11 923 | 11 22 | 11 2¢ | 11928 1134| 1144 | 1151| 12 ¢
i 4 0| 1295|1212 12 2| 1149| 1039 | 1r 29 [ 11 96 | 10 22 | 1t 2 | 1 23 | 1127| 13| 14| 15| 10 ;5
é ! 4 43 | 12928 1215( 1L 5| 1152 1142 | 11 32 | 11 29 | 11 95 | J1 24 [ 11 26 | 1130 1138 | 1448] 1158 12 g
] | 5 0 | 123 | 1223( 1213 12 0| 150 | 1L 40 | 1 87 | 11 33 | 11 32 | 11 34 | 1138 1144| 1154] 12 4| 19 16
iy | 53 | 1243 1230 1220 | 12 7| 1157 | 11 47 | 11 44 | 1 40 | 11 39 | 11 4L | 45| 151] 12 1| 1211 19 o3
k 6 0 | 1253 1240 1230 1217 | 12 7| 11 57 | 11 54 | 11 50 | 11 49 | 11 51 | 15| 12 1| 1211 1291 19 33
$ 63 | 134| 1251 1241 1298 1218| 12 8 |12 5 |12 1 |12 0 |12 2|12 6| 1212| 1992 23| 190 4
b 7 o 1318 13 0] 1250 1257 1297 | 12 17 | 12 14 | 12 10 | 12 9 | 12 1% | 1335| 122 | 1231 1241 | 10 53
73 | 1323| 1310| 13 0| 1247 | 1237 | 12 27 | 12 24 | 12 20 | 12 19 | 12 21 | 1225 1231| 24| 125 13 3
8 0| 1381 1318| 13 8| 1255 1245| 12 35 | 12 32 | 12 28 | 12 97 | 12 29 | 1233 128 | R49| 1250 | 13 1
83 | 133 | 1323( 1313| 13 0| 1250 | 12 40 | 12 37 | 1233 | 12 3 | 12 34 | 1238 1244| 1254 13 4| 13 16
9 0| 1338| 1395 131513 2| 1252 12 42 | 12 39 | 12 35 | 12 34 | 12 36 | 1240) 1246 125 | 13 6| 13 18
9 3 | 13a7| 1324 1314| 13 1| 1251 | 12 41 | 12 38 | 12 34 | 12 33 | 12 35 | 1239 | 1245] 1255| 13 5| 13 17
\ 10 0| 1333| 13920 1310 1257 1247 | 12 37 | 12 34 | 12 30 | 12 29 | 12 3t | 1235 241 1251 13 1| 13 13
10 3 | 1327 1314| 18 4| 1251 | 1241 12 31 | 12 28 | 12 21 | 12 23 | 12 25 | 1229 1235| 1245| 1255| 13 7
11 0 | 1321 12 8| 1258 1245 1235 12 25 | 12 2 | 12 18 | 12 17 | 12 19 | 1223 1229| 1239 | 1949 13 1
o3 | 1314] 13 1] 1250 1238 | 1228 12 18 | 12 15 | 12 11 | 12 10 | 12 12 | 1216 1222 123 124 12 5
0




TABLE IV.—PORT TOWNSHEND.

THE UNITED STATES COAST SURVEY—1860.

,g SOTTH DECLINATION.—DAYS FROM MOON'S GREATEST DECLINATION.
8
E z Before— l After—
o
)
z 7 6 5 4 3 2 1 ‘ 0 1 2 3 4 ' 6 7
-t R, JUNETS g S g™ e iy Y S IV DT N (YN IR T ey Ewi ] ra
i 00 345 321 2 51 Ve 132 | 113 |12 | 144 | 22 |22 | 248 |25 [ 315 | 333 345
| 0 30 338 314 2 44 155 125 | 1 6 | 119 | 137 | 155 | 214 | 235 | 25 | 3 & | 39 338
‘ 1 0 33 38 2 38 149 1719°] 190 ].113 | 131 | 149 |2 8 | 228 | 94 '3 92 | 3w 33
{ 1 30 3926 3 2 23 143 113 { 054 | 1 7 | 125 (143 | 2 2 | 223 | 238 | 25 | 312 32
‘ 2 0 321 2 57 297 138 18|04 | 12| 1Yo (13 (157 ( 2798 [ 233 | 251 | 3 9 321
| 2 30 318 2 54 2 24 135 15 )04 | 059 | 117 | 135 | 154 | 215 | 22 | 248 | 8 6 318
‘ 30 316 25 292 133 1 3|04 | 057 | 115+ 133 | 152 | 213 | 298 | 246 | 3 4 316
‘ 3 30 317 | . 253 223 134 1 4| 045 | 058 | 116 | 184 [ 153 | 244 | 299 | 247 | 3 & 317
j 4 0 321 2 57 297 138 18 | 04 |19 yveo|"138 {967 | 218 | 493 |95 | 39 391
4 30 326 3 2 232 143 118 | 054 | 1 7 | 195 [ 143 | 2 2 | 223 | 238 | 256 | 314 326
dl 5 0 332 3 8 2 38 149 199 )20 [faaae 1S lhaae | ase |l gge | e | 3 el G 33
‘l 5 30 341 ' 2 47 158 198 |19 | 122 | 14 | 15 | 217 |23 | 25 | 311 | 529 3 41
™ 6 0 352 328 2 58 29 13 | 12 | 13 (151 | 2 9 | 228 [ 249 | 3 4 | 323 | 340 35
6 30 41 337 8 218 148 | 120 | 1492 | 2 0 | 218 | 237 |, 258 | 313 | 481 | 349 41
f %0 48 3 44 3 14 225 155 [ 13 [ 140 | 2 7 | 295 | 244 | 3 5 | 320 | 338 | 356 48
7 % 415 351 32l 2.3 2 2| 143 | 15 | 214 | 232 | 251 | 312 | 327 | 845 | 4 3 115
8 0 418 354 32 235 2 5| 14 | 15 | 217 | 235 | 254 | 315 | 330 | 348 | .4 6 418
8 30 419 3 55 395 2 35 2 6 | 147 |20 | 218 | 23 | 255 | 316 | 8331 | 349 | 4 7 419
9 0 418 354 324 235 2 5| 14 | 159 | 217 | 235 | 254 | 315 | 330 | 348 | 4 6 418
9 30 415 351 391 2 32 89 9| 143 | 15 | 234 | 2% | 251 | 312 | 327 | 345 | 4 3 415
| 10 0 410 3 46 316 227 157 | 13 [ 151 | 2 9 | 227 | 246 | 3 7 | 322 | 340 | 3358 410
10 30 46 3 42 312 2 23 153 | 134 | 147 | 25 | 298 | 2@ | 3 3 (318 | 336 | 351 46
| n'v 40 336 3 6 217 147 | 1928 | 141 | 1590 | 217 | 23 | 257 | 312 | 330 | 348 40
{ 11 30 3 54 330 30 211 141 | 192 | 135 | 153 | 211 | 230 | 251 | 36 | 32¢ | 342 3 54
»
[ TABLE V.—PORT TOWNSHEND.
|
.;: NORTH DECLINATION,—DAYS FROM MOON’S GREATEST DECLINATION.
5 =
“SE Before— After.
el
E 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7
‘| h. m. h.m. h.m h. m, h. m. h.om. hom. | h.m. h. m. h. m. h.m. | h.m. h. m. h.m. h m. h. m.
0 0 345 49 439 528 558 1817 |8 4 . 545 | 598 { 5.9 | 448.{ 438 | 435.].867 345
o 0 30 338 42 43 5 2L 551 | 610 4 557 | 539 | 591 | 52 | 441 | 496 | 4.8 | 3% 338
! i 16 332 3 56 42 515 545 | 6 4 | 551 | 58 | 515 | 456 | 435 | 42 | 4 2 | 344 33
1 30 326 350 42 5.9 53 | 558 | 545 ( 527 (5 9 | 45 | 429 | 414 | 35 | 338 3 26
2 0 321 345 415 5 4 534 | 553 | 540 | 52 | 5 4 | 445 | 424 | 49 | 351 | 333 32l
' 2 30 318 342 412 5.1 531 | 550 | 537 | 519 | 51 | 442 | 491 | 4 6 | 348 | 330 318
3 0 316 3 40 410 4 59 529 | 548 | 535 | 517 | 459 | 440 | 419 | 4 4 | 346 | 328 316
i 3 30 317 341 411 5 0 530 | 549 | 536 | 518 | 5 0 | 441 | 42 | 4 5 | 347 | 329 317
4 0 3al 345 415 5.4 534 | 553 | 540 | 5R | 5 4 | 445 | 424 | 4 9 | 351 333 391
l 4 30 326 3 50 420 59 53 | 558 | 54 | 527 | 5 9 | 450 | 420 | 414 | 35 | 338 3 26
] 5.0 33 3 56 4926 515 54 | 6 4 | 551 | 533 | 515 | 45 | 435 | 420 | 4 2 | 344 332
5.30 341 45 435 52 554 | 613 | 60 | 542 | 524 | 5 5 | 444 | 429 | 411 | 353 341
6 0 3 52 416 446 535 6 5 | 624 | 611 | 553 | 535 | 516 | 455 | 440 | 422 | 4 4 352
6 30 41 42 455 54 614 | 633 | 620 | 6 2 | 544 | 59 | 5 4 | 449 | 431 | 413 41
il g 48 43 5 2 5 51 621 | 640 ( 627 | 6 9 [ 551 | 532 | 511 | 456 | 433 | 420 4 8
Y 7 30 415 439 59 558 628 | 647 | 634 | 616 | 558 | 539 | 518 | 5 3 | 445 | 497 415
| 8, & 418 442 512 6 1 63L | 650 | 637 | 619 | 6 1 | 542 | 521 | 5 6 | 448 | 430 418
8 30 419 443 513 6 2 632 | 651 | 638 | 620 | 6 2 | 543 | 522 | 5 7 | 449 | 431 419
9 0 418 442 512 L 631 | 650 | 637 | 619 [ 6 1 | 542 | 521 | 5 6 | 448 | 430 418
9 30 415 439 59 5 58 628 | 647 | 634 | 616 | 558 | 539 | 518 | 5 3 | 445 | 427 415
10 0 410 434 5 4 553 623 | 642 | 629 | 611 | 553 | 534 | 513 | 458 | 440 | 422 410
10 30 46 430 50 549 619 | 638 | 625 | 6 7 | 549 | 530 | 5 9 | 454 | 436 | 418 46
11 0 40 42 444 543 613 | 632 | 619 | 6 1 | 543 | 524 | 5 3 | 448 [ 430 | 412 40
11 30 3 54 418 448 537 67 | 626 | 613 | 555 | 537 | 518 | 457 | 442 | 424 | 4 € 3 54
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If we disregard the daily inequality, the column headed San Francisco in Table IT would
give us, as in the examples on the Atlantic coast, the means of determining the time of high
water.

Example V.—Required the time of high water at North Beach, San Francisco, Cal., on the
Tth of February, 1853. :

1st. The time of the moon’s transit at Greenwich, from the Nautical Almanac, is 114. 41m.;
the longitude of San Francisco 8%. 10m., requiring a correction of 16m. to the time of transit
for San Francisco, which is thus found to be 11%. 57m.

2d. The moon’s declination is south, and at the time of transit about two days after the
greatest. Entering Table IV, we find 12/. (or 0%.) of transit, the nearest number to 11%. 5Tm.
which the table gives; and following the line horizontally, until we come to two days after the
greatest declination, we find 13%4. 14m.

To 11k. 5Tm., time of transit of the moon, February 7, San Francisco, add 13%4. 14m., from
column 0k., transit, and two days after greatest declination; the sum, 25%. 11m, or 1k 11m.,
February 8, is the time of high water, corresponding to the transit which we took of February 1.
If we desire the tide of February T we must go back to the moon’s transit of the 6th. The
example was purposely assumed to show this case.

11%4. 01m., time of transit February 6, 1853.
13 31  number for 11%. transit, and one day from greatest declination.

Sum 24 32  time of high water 0% 32m. a. m. February 7.

The height of high water.—The height of high water is obtained in a similar manner by the
use of Table VI and Table VII, entering these in the same way with the time of transit and
days from the greatest declinaticn. Table VI is for south declination, and Table VII for north.

TABLE VI.—KEY WEST.

h: SOUTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.

.

s 2 Before— After—

e

5 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7

Hour. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet. Feet.
0 1.5 1.6 1.8 1.9 2.0 2,0 2.0 2.0 2.0 2.0 2.0 1.9 1.8 2 Tl g 1.5
1 1.5 1.6 1.8 1.9 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.9 1.8 1% L5
2 1.5 1.6 1.8 1.9 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.9 1.8 1.7 1.5
3 1.4 1.5 R 1.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.8 g W 1.6 1.4
4 1.3 1.4 1.6 ¢ % | 1.8 1.8 1.8 1.8 1.8 1.8 1.8 ] 16 1.5 1.3
5 1.2 1.3 1.5 1.6 .7 et 1.7 B i p 1.7 1.7 1.6 1.5 1.4 19
6 ; 0 § 1.2 1.4 1.5 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.5 1.4 1.3 1.2
4 i b5 ! 1.2 1.4 1.5 1.6 1.6 1.6 1.6 1.6 1.6 1.6 1.5 1.4 1.3 5
8 1.2 1.3 1.5 1.6 : 45§ i by i 151 1.7 157 1.7 1.6 1.5 1.4 1.2
9 1.3 1.4 1.6 s 1.8 1.8 1.8 1.8 1.8 1.8 1.8 1.7 1.6 1.5 1.3
10 1.4 1.5 U5 1.8 1.9 1.9 1.9 1.9 1.9 1.9 1.9 1.8 1.9 1.6 1.4
11 1.5 1.6 1.8 1.9 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.9 1.8 b s 1.5
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TABLE VII —KEY WEST.
“: NORTH DECLINATION.— DAYS FROM MOON’S GREATEST DECLINATION.
s
‘é. E Before— After—
o =
E 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7
Hour. | Feet. | Feet. Feet. Feet. Feet. Feet. Feet. Feet, Feet. Feet. Feet. Feet. Feet. Feet. Feet.
0 1% 1.6 1.4 3.3 1.2 1.1 1.0 1.0 p 55 § % 1.2 1.3 1.4 1.6 1.8
1 P 1.6 1.4 1.3 1.2 b B 1.0 1.0 ) 1% 1.1 1.9 1.3 1.4 1.6 1.8
2 1.7 1.6 1.4 1.3 1.2 1.1 1.0 1.0 1.1 j 84 & 1.8 1.3 1.4 1.6 1.8
3 1.6 1.5 1.3 1.2 1.1 1.0 0.9 0.9 1.0 1.0 s 4 § 1.2 1.3 {1 5
4 1.5 1.4 1.2 1.1 1.0 0.9 0.8 0.8 0.9 0.9 1.0 1.1 1.2 1.4 1.6
5 1.4 13 1.1 1.0 0.9 0.8 0.7 0.7 0.8 0.8 0.9 1.0 ‘R | 1.3 1.5
6 1.3 1.2 1.0 0.9 0.8 0.7 0.6 0.6 0.7 0.7 0.8 0.9 1.0 1.2 1.4
7 1.3 1.2 10 0.9 08 0.7 0.6 0.6 0.7 0.7 0.8 0.9 1.0 1.2 1.4
8 1.4 1.3 L 1.0 0.9 0.8 0.7 0.7 0.8 0.8 0.9 1.0 9 | 1.3 %5
9 1.5 1.4 1.2 1.1 1.0 0.9 0.8 0.8 0.9 0.9 1.0 1.1 1.2 1.4 16
10 16 1.5 1.3 12 1.1 1.0 0.9 0.9 1.0 10 131 1.2 1.3 L5 B g
11 ) ¥4 1.6 1.4 1.3 1.2 1 B 1.0 1.0 1.1 133 1.2 1.3 1.4 1.6 1.8
TABLE VI.—SAN DIEGO.
w
Tc= SOUTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.
=3
s E Before-— After—
o
E i 6 5 4 3 2 1 0 1 2 3 4 5 6 7
Hour Feet. Feet. Feet, Feet. Feet. Feet. Feet. Feet Feet. Feet. Feet. Feet. | Feet. Feet. Feet.
0 4.7 4.5 4.3 4.2 4.1 4.1 4.1 4.1 4.2 4.3 4.5 4.8 5.1 5.5 5.8
| 4.6 4.4 4.2 4,1 4.0 4.0 4.0 4.0 4.1 4.2 4.4 4.7 5.0 5.4 5.7
2 4.4 4.2 4.0 3.9 38 3.8 3.8 3.8 3.9 4.0 4.2 4.5 4.8 5.2 5.5
3 4.1 39 3.7 3.6 3.5 3.5 3.5 3.5 3.6 3.7 3.9 4.2 4.5 4.9 5.2
4 3.8 3.6 3.4 3.3 3.2 3.2 3.2 3.2 3.3 3.4 36 3.9 4.2 4.6 4.9
5 3.6 3.4 3.2 3.1 3.0 3.0 3.0 3.0 3.1 3.2 3.4 3.7 4.0 4.4 4.7
6 3.6 3.4 3.2 3.1 3.0 3.0 3.0 3.0 3.1 3.2 3.4 3.7 40 4.4 4.7
7 3.7 3.5 3.3 3.2 3.1 3.1 3.1 3.1 3.2 3.3 3.5 3.8 41 4.5 4.8
8 3.8 3.6 3.4 3.3 3.2 3.2 3.2 3.2 3.3 34 3.6 3.9 4.2 4.6 4.9
9 4.4 4.2 4.0 3.9 3.8 3.8 3.8 3.8 3.9 4.0 4.2 4.5 4.8 5.2 5.5
10 4.7 4.5 4.3 4.2 4.1 41 4.1 4.1 4.2 4.3 4.5 48 5.1 5.5 5.8
11 4.8 4.6 4.4 4.3 4.2 4.2 42 4.2 4.3 4.4 4.6 4.9 5.2 5.6 5.9
TABLE VII. —SAN DIEGO.
%’ NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.
i o <55 4 T
5 E Before— After—
[ e 2 -
.E 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7
Hour. | Feet. | Feet. | Feet. | Feet. | Feet. Feet. Feet. Feet. Feet, Feet. Feet. | Feet, | Feet. | Feet. | Feet.
0 5.7 5.9 6.1 6.2 6.3 6.3 6.3 6.3 62 6.1 5.9 5.6 5.3 4.9 4.6
1 5.6 5.8 6.0 6.1 6.2 6.2 6.2 6.2 6.1 6.0 5.8 5.5 5.2 48 4.5
2 5.4 5.6 5.8 59 6.0 60 6.0 6.0 5.9 5.8 5.6 53 5.0 4.6 4.3
3 5.1 5.3 55 5.6 5.7 5.7 5.7 5.7 5.6 5.5 5.3 5.0 4.7 43 4.0
4 4.8 5.0 5.2 5.3 5.4 5.4 5.4 5.4 5.3 5.2 5.0 4.7 4.4 40 3.7
5 4.6 4.8 5.0 5.1 5.2 5.2 52 5.2 5.1 50 4.8 4.5 4.2 3.8 3.5
6 4.6 4.8 5.0 5.1 52 52 52 5.2 5.1 5.0 48 4.5 4.2 3.8 3.5
- 47 49 5.1 5.2 5.3 5.3 5.3 5.3 5.2 5.1 4.9 4.6 4.3 3.9 3.6
8 48 5.0 5.2 5.3 5.4 5.4 5.4 5.4 5.3 5.2 5.0 4.7 4.4 4.0 -
9 5.4 5.6 5.8 5.9 6.0 6.0 6.0 6.0 5.9 5.8 5.6 5.3 5.0 4.6 4.3
10 5.7 5.9 6.1 6.2 6.3 6.3 6.3 6.3 6.2 6.1 59 5.6 5.3 4.9 4.6
11 5.8 6.0 6.2 6.3 6.4 6.4 6.4 6.4 6.3 6.2 6.0 5.7 5.4 5.0 4.7
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TABLE VI.—SAN FRANCISCO.
'2 SOUTH DECLINATION —DAYS FROM MOON’S GREATEST DECLINATION.
; g
: ‘ E = Before— - After—
- c &
g | o =
‘ £
g a 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7
| e
Hour. Feet. Feet. Feet. | Feet. | Feet. | Feet. | Feet. Feet. Feet. Feet. Feet, | Feet. | Feet. | Feel. | Feet.
h 0 4.8 4.7 45 4.3 4.3 42 4.3 4.3 4.4 4.5 4.7 4.8 50 53 ] 55
‘ 1 4.7 46 4.4 4.2 4.2 4.1 4.2 4.2 4.3 4.4 4.6 4.7 4.9 5.2 5.4
e 2 4.6 | 45 4.3 4.1 4.1 4.0 4.1 41 4.2 4.3 4.5 4.6 48 5.1 5.3
A 3 45 | 4.4 4.2 4.0 4.0 39 4.0 4.0 4.1 42 4.4 4.5 4.7 5.0 5.2
el | 4 4.3 4.2 4.0 38 38 g 2.5 3.8 3.9 4.0 4.2 4.3 4.5 48 5.0
o 5 4.1 40 3.8 3.6 3.6 3.5 3.6 36 8% 38 4.0 41 4,3 4.6 4.8
‘[,[1 ' 6 4.1 4.0 3.8 3.6 3.6 3.5 3.6 36 an 38 4.0 4.1 4.3 4.6 4.8
Al 7 4.2 4.1 3.9 3.7 3.3 3.6 3.7 3 3.8 3.9 4.1 4.2 4.4 47 4.9
[ 8 e fy=dls el 3o sy Es 4 30 3.9 4.0 4.1 4.0l g | e | owe | ma
‘ i 9 5 by ik 42 4.0 4.0 3.9 4.0 40 4.1 4.2 4.4 4.5 4.7 5.0 5.2
R 10 27 | 4.8 4.4 4.2 4.2 4.1 4.2 4.2 43 4.4 4.6 4.7 4.9 5.2 5.4
‘ 11 R 4.5 4.3 4.3 4.2 4.3 43 4.4 4.5 4.7 4.8 5.0 5.3 5.5
iy
b
| TABLE VIL.—SAN FRANCISCO.
f ,z ' NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.
}\ { g i | .
L é @ Before— After—
": eE: E
:
¥ g = 6 5 & 3 2 1 0 1 2 3 4 5 6 7
&
3 Hour. Feet. Feet, Feet. | Feet. | Feet. | Feet. | KFeet. Feet, Feet. Feet. Feet, | Feet, | Feet. | Feet. | Feet.
= 0 5.4 5.5 5.7 5.9 5.9 6.0 5.9 5.9 58 57 5.5 5.4 5.2 4.9 4.7
3 1 5.3 5.4 5.6 5.8 5.8 5.9 5.8 5.8 5.7 5.6 5.4 5.3 5.1 4.8 4.6
ol | 2 5.2 53 5.5 5.7 5.7 5.8 5.7 5.7 5.6 5.5 5.3 5.2 5.0 4.7 4.5
i 3 51 5.2 5.4 5.6 56 5.7 5.6 5.6 8.5 5.4 5.2 5.1 4.9 4.6 4.4
‘ 4 4.9 5.0 5.2 5.4 5.4 5.5 5.4 5.4 5.3 5.2 5.0 4.9 4.7 44 4.2
b l 5 4.7 4.8 5.0 5.2 5.2 5.3 59 5.2 51 50 4.8 4.7 4.5 4.2 4.0
I ) 6 4.7 4.8 50 5.2 5.2 5.3 5.2 5.2 5.1 (3D 4.8 4.7 4.5 4.2 4.0
r | 7 4.8 4.9 5.1 5.3 5.3 5.4 5.3 5.3 52 5.1 4.9 4.8 4.6 4.3 4.1
i | 8 50 51 5.3 548 5.5 5.6 5.5 5.5 5.4 53 5.1 5.0 4.8 45 4.3
! 9 5.1 5.2 5.4 5.6 5.6 5.7 5.6 56 5.5 54 5.2 5.1 4.9 4.6 44
. 10 5.3 5.4 5.6 5.8 5.8 5.9 5.8 5.8 5.7 5.6 5.4 5.3 5.1 4.8 4.6
i g 1 5.4 5.5 5.7 59 5.9 6.0 5.9 5.9 5.8 5.7 5.5 5.4 5.2 4.9 4.7
Jiae
qr ] TABLE VI —ASTORIA,
} ‘ 2 SOUTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.
e . »
g [ = - Before— er—
1 | S g 2 AT _
1 ! = 7 6 5 4 3 2 | 0 1 2 3 4 5 6 7
-] { = a
3 - .
§ o Feet. Feet, Fect. | Feet. | Feet. | Feet. | Feet. Feet. Feet. Feet. Fect. | Feet. | Feet. | Feet. | Feet.
i 0 8.0 8.3 8.4 8.5 5.6 8.6 8.6 8.6 8.5 8.4 8.3 8.1 97 Tk 7.0
il 1 8.0 8.2 8.4 8.5 8.6 8.6 8.6 8.6 8.5 8.4 8.2 8.1 il 7.4 7.0
dim A 7.8 8.1 8.2 8.4 8.4 8.4 8.4 8.4 8.3 8.2 8.1 7.9 7.5 72 | &8
3 7.5 7.8 7.9 8.1 8.1 8.1 8.1 8.1 8.0 7.9 7.8 7.6 7.2 6.9 6.5
| 4 7.1 7.6 75 T 7.7 7.7 7.7 o 7.6 7.5 7.4 7.2 6.8 6.5 6.1
’ 5 6.7 7.0 7 7.3 7.3 7.3 7.3 7.3 7.2 Tl 7.0 6.8 65 6.1 5.7
& 6 6.5 6.8 7.0 i 7.1 %l Tl Tl 7.0 6.9 6.8 6.6 6.3 5.9 5.5
1] | 7 67 7.0 7, 7 [ran | S [ % 7.3 7.2 7.1 70 | 68 | 64| 61| 5.7
_ i ! 8 7.0 7.3 7.5 7.6 7.6 7.6 7.6 7.6 7.5 7.4 7.3 7:1 6.8 6.4 6.0
e 9 7.5 o by 1 s la 1 aE | o 8.0 7290 | 78| 76| 23| 69| 65
! ! 10 7.9 8.2 8.4 8.5 8.5 8.5 8.5 8.5 8.4 8.3 82 8.0 B 7.3 6.9
I 1 8.1 8.4 8.6 8.7 8.7 8.7 8.7 8.7 | 8.6 8.5 8.4 8.2 7.9 7.5 71
i
e
3 ]
| |
S E
L' |
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TABLE VII.—ASTORIA.

-!; NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.
©
=
E 3
- B Before— After—
°g
@
Z 7 6 5 4 3 2 1 0 1 2 3 4 5 6 7
cl !
\ Hour. Feet. Feet. Feet. Feet. Feet., | Feet. Feet. Feet. Feet., Feet. Feet. | Feet. Feet, Feet, Feet.
T 0 7.4 71 6.9 6.8 6.8 6.8 6.8 6.8 6.9 7.0 7.1 7.3 7.6 8.0 8.4
1 7.4 7.1 6.9 68 68 6.8 6.8 6.8 6.9 7.0 Tal 7.3 7.6 8.0 84
2 7.2 6.9 6.8 6.6 6.6 6.6 6.6 6.6 6.7 6.8 6.9 Tk 7.5 7.8 8.2
3 6.9 6.6 6.5 6.3 6.3 6.3 6.3 6.3 6.4 6.5 6.6 6.8 2.8 7.5 7.9
4 6.5 6.2 6.1 5.9 5.9 5.9 5.9 5.9 6.0 6.1 6.2 6.4 8.7 7.1 7.5
5 6.1 5.9 5.7 5.6 5.5 5.5 5.6 5.6 5.7 5.7 5.9 6.0 6.4 6.7 7.1
6 5.9 57 5.5 5.4 53 5.3 5.3 5.4 5.5 5.5 5.7 5.9 6.2 6.5 6.9
T 6.1 5.8 5.6 5.5 5.5 5.5 5.5 5.5 5.6 5.7 5.6 6.0 6.3 6.7 7.1
8 6.4 6.2 6.0 5.9 5.8 5.8 5.8 5.8 5.9 6.0 6.2 6.3 6.7 7.0 7.4
9 6.9 6.7 6.5 64 6.3 63 6.3 6.4 6.4 6.5 6.7 6.8 7.2 7.5 7.9
10 7.3 b 6.9 6.8 6.7 6.7 67 6.8 6.9 6.9 7.0 7.2 7.6 7.9 8.3
1 11 7.5 7.2 7.1 7.0 6.9 6.9 6.9 6.9 7.0 el 7.2 7.4 7.8 8.1 8.5
.
TABLE VIL—PORT TOWNSHEND.
f_j NORTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.
8
Bg
o Before— After—
s g
g -
g 7 6 5 4 3 2 1 e 1 2 3 4 5 6 7
Hour. Feet, Feet. Feet. | Feet. | Feet. | Feet. | Feet. Feet. Feet, Feet. Feet. | Feet. | Feet. | Feet. | Feet.
0 66 6.3 5.9 6.1 6.4 6.9 7.2 74 7.5 7.5 7.5 7.5 7.6 7.9 7.9
| 6.7 6.4 6.0 6.2 6.5 7.0 7.3 7.5 7.6 7.6, 7.6 7.6 7.7 7.8 8.0
b 2 6.6 6.3 5.9 6.1 6.4 6.9 7.2 T4 7.5 7.5 7.5 7.5 7.6 24 g 7.9
| - 3 6.3 60 5.6 5.8 6.1 6.6 6.9 Wk 7.2 7.2 il | 7.4 7.3 7.4 7.6
4 6.0 5.7 5.3 5.5 5.8 6.3 6.6 6.8 6.9 6.9 6.9 6.9 7.0 5 f 7.3
‘ 5 5.9 5.6 5.2 5.4 5.7 6.2 6.5 87 M 6.8 6.8 6.8 6.8 6.9 7.0 7.8
6 6.1 5.8 5.4 5.6 5.9 6.4 6.7 6.9 7.0 7.0 7.0 7.0 7.1 7.2 7.4
 § 6.4 6.1 5.7 5.9 6.2 6.7 7.0 7.2 7.3 7.3 7.3 7.3 7.4 7.5 .7
8 6.5 6.2 5.8 6.0 6.3 6.8 7.1 7.3 7.4 7.4 7.4 7.4 7.5 7.6 7.8
l 9 6.5 6.2 5.8 6.0 6.3 6.8 1 7.3 7.4 7.4 7.4 7.4 7.5 7.6 7.8
| 10 6.6 6.3 5.9 6.1 6.4 6.9 7.2 7.4 7.5 7.5 7.5 5 7.6 7.7 7.9
11 6.6 5:2a 50 6.1 6.4 6.9 7.2 7.4 7.5 7.5 7.5 7.5 7.6 13 7.9
" B
4 , TABLE VIL.—PORT TOWNSHEND.
1 ~:’, SOUTH DECLINATION.—DAYS FROM MOON’S GREATEST DECLINATION.
8 .
HE
& 5 Before— After—
o E -~
o =
£ 7 6 5 4 3 2 1 0 1 2 3 1 5 S
Hour. | Feet. Feet. Feet., | Feet. | Feet. | Feet. | Feel. Feet. Feet. Fect., Feet, | Feet. | Feel. | Feet. . Feet. [
0 7.6 7.9 | 8.3 8.1 7.8 7.3 7.0 6.8 6.7 6.7 6.7 6.7 6.6 6.5 | 6.3 I
1 Ol 8.0 8.4 8.2 7.9 7.4 71 6.9 6.8 6.8 6.8 6.8 6.7 66 | 6.4
2 7.6 7.9 8.3 8.1 7.8 7.3 7.0 6.8 6.7 6.7 6.7 6.7 6.6 6.5 | 6.3 | }
| 3 7.3 78 | 8.0 7.8 7.3 7.0 6.7 6.5 6.4 6.4 6.4 6.4 6.3 6.2 ‘ 6.0 i
, \ 4 7.0 7.3 7.7 7.5 7.2 6.7 6.4 6.2 6.1 6.1 6.1 6.1 6.0 5.9 | 57 I
P~ 5 6.9 7.2 7.6 7.4 7.1 6.6 6.3 6.1 6.0 6.0 6.0 6.0 5.9 5.8 5.6 '
i 6 7.1 7.4 o 0 I 7 e 5 T 6.3 6.2 6.2 T e T f
' 7 7.4 Tk 8.1 7.9 7.6 7.1 6.8 6.6 6.5 6.5 6.5 6.5 6.4 6.3 6.1 i
8 7.5 7.8 8.2 8.0 7.7 7.2 6.9 6.7 6.6 6.6 6.6 6.6 6.5 6.4 | 6.2
| 9 7.5 7.8 8.2 8.0 7.7 7.2 6.9 6.7 6.6 6.6 6.6 6.6 6.5 6.4 | 6.2
10 7.6 7.9 8.3 8.1 7.8 7.3 7.0 6.8 6.7 6.7 6.7 6.7 6.6 6.5 6.3
‘ 11 7.6 7.9 8.3 8.1 7.8 7.3 7.0 6.8 6.7 6.7 6.7 6.7 6.6 6.5 i 6.3 |
| :
' Note.—To use these tables with a chart on which the soundihgs are referred to mean low water, subtract 1.2 foot from the numbers in the tables |
from San Diego to Astoria, 1.7 foot for Nee-ah harbor, 2.3 for Port Townshend, and 2.7 for Semiahmoo and Steilacoom.
i
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Example VI.—In Example V, to obtain the height of tide on February 7, the declination
being south, we enter Table VI for San Francisco, with Ok of transit, and two days after
greatest declination, and find that the tide will be 4.5 feet above the mean of the lowest low
water, or that 4.5 feet are to be added to the soundings of a chart reduced to the mean of the
lowest low waters of each day. If the soundings of the chart are given for mean low water
then 1.2 feet ought to be subtracted from the Tables VI and VII; thus, in this example, it

would be 3.3 feet.

The approximate time of the successive low and high waters of the day will be found by
adding the numbers in Table VILI to the time of the first high water already determined.
table gives the numbers for the different days from the greatest declination.

The

Tubles containing numb.rs to be added to the time of high waler found from Tables IV and V, to obtain the successive high and low waters.
TABLE VIII.——KEY WEST.

£ T
g2 SOUTH DECLINATION. NORTH DECLINATION. ]
£z R E
S s
b § Low water. | High water. | Low water. | Low water. | High water. | Low water. = :2:
B8 (Large.) (Small ) (Small.) (Small.) (Large.) (Large.) BS
8w a5
h. m. h. m h. m k. m. h. m. h. m.
S 5 2 12 10 17 38 5 36 12 33 17 46 7
6 5 42 12 31 17 40 5 18 12 18 17 50 6
8 5 6 05 12 55 17 41 4 58 12 03 17 56 5 g
% 4 6 24 13 17 17 4 4 3 11 4 17 59 4 > g
= 3 6 39 13 28 17 39 4 11 11 18 17 58 3 =
2 7 02 13 52 17 40 3 50 10 58 17 58 2
B T R 14 01 17 39 3 39 10 46 17 56 1 )
0 7 18 14 10 17 42 3 37 10 46 17 59 0
X 7 12 14 10 17 48 3 4 10 46 17 52 1
2 6 57 13 58 17 51 3 57 10 54 17 47 2
. 3 6 39 13 41 17 53 4 21 11 19 17 48 3 -
E 4 4 6 15 13 18 17 53 4 43 11 38 17 45 4+ 2
i 1 5 57 12 59 17 53 5 09 12 03 17 44 5.1
6 5 32 12 36 17 54 5 26 12 2 17 46 6
L7 5 13 12 16 17 53 5 40 12 36 17 46 e
TABLE VIII.--SAN DIEGO.
-y o
g g 2 8
- SOUTH DECLINATION, NORTH DECLINATION. 23
=E =Z
2 £ 2
=2 § Low water. | High water. | Low water. | Low water. | High water. | Low water. = g
p 2 (Small.) (Large.) (Large.) (Large.) (Small.) (Small.) BS
3] g%
he m. he m. h. m. he m h. m. h. m.
(7 5 44 12 28 18 44 6 16 12 16 18 00 o
6 5 18 11 58 18 40 6 42 12 46 18 04 6
$ 5 5 00 11 34 18 34 7 00 13 10 18 10 5 8
g 1 4 4 47 11 12 18 25 7 13 13 32 18 19 4r &
=] 3 4 34 10 54 18 20 7 2 13 50 18 24 3] @
2 4 24 10 38 18 14 7 36 14 06 18 30 2
1 oy 58 10 28 18 11 7 43 14 16 18 33 1)
0 4 12 10 20 18 08 7 48 14 24 18 36 0
" | 4 14 10 20 18 06 7 46 14 24 18 38 1
2 4 21 10 28 18 04 7 36 14 16 18 40 2
- 3 4 38 10 40 18 02 7 2 14 04 18 42 3 -
E14 5 01 10 58 17 57 6 59 13 46 18 47 41 8
<5 5 95 1 18 17 53 6 35 13 92 18 51 5y
6 5 49 11 4 17 55 6 11 13 00 18 49 6
w 6 18 12 18 18 00 5 42 12 26 18 44 T
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TABLE VIIL.—SAN FRANCISCO.

2 ., .
§ § SOUTH DECLINATION. NORTH DECLINATION. § §
g2 2=
g8 28
= ::}' Low water. | High water. | Low water. | Low water. | High water. | Low water. i :S:
S‘ g (Small.) (Large.) (Large.) (Large.) (Small.) (Small.) E’ ?n
o =} e
h. m. h. m. he m. h. m. h. m. h. m.
e 5 58 13 14 18 58 5 44 11 46 17 44 v |
6 5 36 12 42 18 48 6 06 12 18 17 54 6
= 5 5 14 12 10 18 38 6 28 12 50 18 04 5 8
§44 4 55 11 34 18 21 6 47 13 26 18 21 4102
= 3 4 37 11 00 18 05 7 05 14 00 18 37 3 =
2 4 24 10 34 17 52 7 18 14 26 18 50 2
1 . | 4 12 10 06 17 36 7 30 14 54 19 06 1 )
0 4 12 10 00 17 30 7 30 15 00 19 12 0
1 4 17 10 02 17 a7 7 92 14 58 19 15 1
2 4 27 10 12 17 27 7 15 14 48 19 15 2
! e 3 4 41 10 26 17 Q7 7 01 14 34 19 15 3 -
a4 4 56 10 46 17 32 6 46 14 14 19 10 4 + 8
“N's 5 14 11 10 17 38 6 28 13 50 19 04 5|
6 5 36 11 36 17 2 6 06 13 24 19 00 6
) 5 57 12 04 17 49 5 45 12 56 18 53 ;4
TABLE VIII.—ASTORIA.
i
8 e &,
= = = =
g2 SOUTH DECLINATION. NORTH DECLINATION. 88
=z =
= =
o § Low water. | High water. | Low water, | Low water. | High water. | Low water. 5 §
B s (Small ) (Large.) (Large.) (Large.) (Small.) (Small.) B S
A g8
| h. m h. m. h. m. h. m. h. m he m.
i 6 38 12 59 19 17 6 18 12 03 18 41 7
‘I 6 6 14 12 33 19 15 6 42 12 29 18 43 6
q g 5 5 85 12 13 19 14 7 01 12 49 18 44 5 ]
“ &S {4 5 34 11 47 19 09 7 0 13 15 18 49 4 ¥§.
@ |3 5 20 1 27 19 03 7 38 13 35 18 55 3| &
2 5 09 11 07 18 54 7 47 13 55 19 04 2
1 5 05 11 01 18 52 7 51 14 01 19 06 1
0 5 03 10 53 18 46 7 53 14 09 19 12 0
: [ 5 05 10 51 18 42 7 851 14 11 19 16 1
P 5 11 10 55 18 40 7T 45 14 07 19 18 2
% 3 5 18 11 03 18 41 7 38 13 59 19 17 3 .
1 §+4 5 2 1 15 18 39 7 24 13 47 19 19 4¥§
el i 5 50 1 35 18 41 7 06 13 97 19 17 3 B
l 6 B ] 11 55 18 40 6 45 13 07 19 18 6
7 6 35 12 19 18 40 6 21 12 43 19 18 7 )
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TABLE VIII.—PORT TOWNSHEND.

3 ¥
g3 SOUTH DECLINATION. NORTH DECLINATION. g3

8 - g 3
Es Es
&R, Coat .
E_ ig Low water, | High water. | Low water. | Low water. | High water. | Low water. 5 gé
= a

h. m h. m. h. m. h. m. h. m, h. m.

7 6 05 12 26 18 05 5 39 12 26 18 31 )

6 6 38 13 14 18 20 5 06 11 38 18 16 6
&S 7 18 14 14 18 40 4 26 10 38 17 56 5 g
E 44 8 13 15 52 19 23 8131 9 0 17 18 40 8
@ |3 8 36 16 52 20 00 3 08 8 00 16 36 3=

2 8 43 17 30 20 31 3 0L 7 2 16 05 2

1 8 12 17 04 20 36 3 32 7 48 16 00 1

0 7 40 16 28 20 32 4 04 8 24 16 04 0

(1 7 18 15 52 20 18 4 2 9 00 16 18 1%

P) 6 59 15 14 19 59 4 45 9 38 16 37 2
s 6 38 14 3 19 38 5 06 10 20 16 58 |
& 14 6 24 14 02 19 22 5 20 10 50 17 14 44 8
S|s 6 10 13 26 19 00 5 34 11 2 17 36 51 %

6 5 59 1250 18 3 5 45 12 02 18 01 6

7 5 42 12 26 18 28 6 02 12 2% 18 08 F i

The days from the greatest declination are written in the first and last columns of the table.
The second, third, and fourth columns refer to south declination, and fifth, sixth, and seventh
to north, and the reverse for Key West. The second column gives the number which is to be
added, according to the declination, to the time of high water, obtained by means of Tables IV
and V, to give the next low water, which is the small low water, b, of diagram I. The third
contains the numbers to be added to the same to give the second or large high water, ¢, of dia-
gram I. The fourth, the numbers to be added to the same to give the second or large low
water, d, of diagram I. The succeeding columns give the numbers to be used in the same
way for north declination to obtain the low water, b, (large,) of diagram II; the high water, ¢,
(small,) and the low water, d, (small,) of the same diagram. The rise and fall of the same
successive tides may be obtained by inspection from Table IX| in which the first column at the

side contains the time of transit, and the successive columns the numbers corresponding to that
time, and to the number of days from greatest declination. The arrangement of this table is
like that already given.

The numbers for the small ebb tide, a b, of diagram I, or ¢ d, of diagram II, are first given ;
then those for small low and large high waters, b ¢, for diagram I, and d e, of diagram II ; next,
the large ebb tide, c d, of diagram I, or a b, of diagram II ; and lastly, from the large low water
to the small high water, d e, of diagram I, or b ¢, of diagram IL
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TABLE IX —KEY WEST.
E SMALL EBB TIDE. ' SMALL LOW TO LARGE HIGH WATER. ;_;
: :
; Days from moon’s greatest declination. \ Days from moon’s greatest declination. :-;
g g
g Before— After— l Before— After— &
Ul sl ! s
@ -3
w"w E b 81 I T I S (RC. 50 1 L 1 0 11218 |4 |G |6y V ]| EL TR 0 I > ) L ‘ 6 | 7 E
H| 7| Fe| Fe| 7| Ft.| Ft.| Ft| Ft | Ft.| Ft.| Ft.| Ft| Ft.| Ft.| Ft.| Ft.| Ft.| Ft,| Ft.| Ft.| F.| Ft.| Fe. | F.| 7l 2. Fe Ft\’ Ft| Ft|H.
o/ 1.6 1.4 1.1 1.0/ 0.8 0.7/0.7 0,7]0.7/ 0.8 0.9 1.1| 1.2| 1.5 1.8‘ 1.4/ 1.4 1.5 1.6/ 1.6/ 1.7/ 1.7| 1.7 | 1.7| 1.6| 1.7] 1.7| 1.6/ 1.5 1.4 0
1|16/1.4/1.1 1.0/ 0.8 0.7 0.7 0.7 0.71 0.8/ 0.9 1.1/ 1.2/ 1.5 1.8‘ 1.4/ 1.4/ 1.5/ 1.6| 1.6 1.7/ 1.7| 1.7 [ 1.7| 1.6{ 1.7 1.9 1.6; 1.5/ 1.4] 1
| 1.6/ 1.4/ 1.1/ 1.0/ 0.8 0.7 0.7| 0.7 0.7‘ 0.8/ 0 9 1.1] 1.2 1.5 1.8‘ 1.4 1.4/ 1.5/ 1.6) 1.6 1.7) 1.7| 1.7 | 1.7| 1.6] 1.7| 1.7 1.6; 1.5/ 1.4, 2
3|1.5 1.3 1.0 0.9/0.7/06/ 0.6/ 0.6 |0.6/0,7/0,8 1.0/ 1.1 1.4/ 1,7/ 1,3/ 1.3 1.4/ 1.5/ 1.5/ 1.6/ 1.6] 1.6 | 1.6/ 1.5/ 1.6/ 1 6 1.5‘ 1.4/1.3 3
41,3 1.1/ 0.8 0.7 0.5' 0.4 0.4 0.4 0.4l 0.5/ 0.6 0.8/ 0.9] 1.2 1.5‘ 1.3 1.1 1.2 1.3/ 1.3 1.4/ 1.4 1.4 [1.4/1.8/1.4/1.4 13i 1.91.1] ¢4
5| 1.1 0.9/ 0.6/ 0.5/ 0.3 0.2 0.2, 0.2 (0.2 0.3] 0.4] 0.6/ 0,7| 1.0 1.3‘ 0.9/ 0.9 ].01‘ 1.3 L3 0.9 150 18 191 1L l.l‘ 1.0/ 0.¢] 5
6| 1.0 0.8 0.5 0.4 0.2; 0.1; 0.1{ 0.1 0.1/ 0.2| 0.3 0.5 0.6] 0.9 l.:‘!I 0.8/ 0.8/ 0.9/ 1.0/ 1.0 1.1) 1.1] 1.1 1.1 l.Oi 1.1/ 1.1/ 1.0/ 0 9| 0.8 @
| 711.0 0.8/ 0.5 0.4 02[ 0.1} 0.1] 0.1 0.1‘ 0.2 0.3 0.5/ 0.6/ 0.9 1.21 0.8/ 0.8/ 0.9) 1.0[ 1.0 1.1] 1.1} 1.1 | 1.1/ 1.0/ 1.1| 1.1 I.Oi 0.9 0.8 7
) 8 | 1.1] 0.9/ 0.6/ 0.5/ 0.3‘ 02{ 0.20 0.2 | 0.2 0.3 0.4/ 0.6] 0.7 1.0 l.3| 0.9/0.9/ 1.0/ 1.1 1.1 1.2 1.2‘ 1.2]1.9 l.l‘ 1.2 1.9 l.l:‘ 1.0/ 0.9 8
k. 9|13 1.1 0.8 0.7 0'5j 0.4/0.4 04 0.4 0.5 0.6/ 0.8 0.9/ 1.2 1.5/ 1.1-1.1) 1.2 1.3 1.3 1.4 1.4 1.4 1.4 1.3‘ 1.4 1.4 1.3[' 1.201.1] 9
| 10| 1.5 1.3| 1.0/ 0.9/ 0.7| 0.6/ 0.6/ 0.6 | 0.6/ 0.5 0.8/ 1.0 1.1| 1.4/ 1.7] 1,3|1.3| 1.4/ 1.5| 1.5/ 1.6| 1.6/ 1.6 | 1.6 1.5/ 1.6| 1.6/ 1.5/ 1.4] 1.3| 10
11 | 1.6 1.4/ 1.1) 1.0/ 0.8 0.7[ 0.7| 0.7 0.7/ 0.8/ 0.9 1.1 1.2] 1.5| 1.8| 1.4 1.4[ 1.5 1.6 18l 00T L 1.1 1.9 1.6‘ 1.7 1.7 1.6‘ 1.5/ 1.4] 11
TABLE IX — KEY WEST—Continued.
E LARGE EBB TIDE. LARGE LOW TO SMALL HIGH WATER. =]
£ g
;,' Days from moon’s greatest declination, Days from moon’s greatest declination. ;a
-~ 5 Before— After— Before— After— E
| e -}
z 4 -] o
| E ol i v e S 2 1 0 & b ek~ I S (R R O s e e 0 1 A3 ‘ S N R E
V———————————'———_—‘__'—_’—.__—_ '.'___—_‘_——
H.| Fi| Fi.| Fe| ¥o| Ft| Ft| Fv.| Ft. | Fi.| Ft| Fu.| Ft| Ft| Ft.| Ft.| Ft.| Fv.| Ft.| Ft| Fi.| Fv| Ft| Fe. | Ft| F| 7o) Fe| Fe) Fe Ft.| H.
0/ 1.4 1.6 1.9/ 2.0] 2.2] 2.3 2.3 2.3 | 2.3( 2.2 2.1} 1.9] 1.8] 1.5] 1.2{ 1,6] 1.5 1.5" 1.4/ 1.4/ 1,3 1.3 1.3)|1.3 1.4 1.3 1.3 1.4 1.5/ 1.6/ 0
1(1.41.6 1.9/2.0/2.2 2.3 23 2.3|2.3222.1 1.9 181512 1.6 1.5 1.5 1.4 1.4 1.3 1.3 1.3 1.3 1.4 1.3 13 1.4 1.5 16| 1
2|1.4 1.6/ 1.9/ 2.0 2.2| 2.3 2.3] 2.3|2.3 2.2/ 2.1/ 1.9 1.8 1.5/ 1.2 1.6/ 1 5/ 1.5/ 1.4/ 1.4/ 1.3/ 1.3 13 | 1.3/ 1.4/ 1.3 1.3/ 1.4/ 1.5/ 1.6 2
3(1.3 1.5 1.8/ 1.9 2.1/ 2.2 2.2 2.2 | 2.2| 2.1/ 2.0, 1.8 1.7| 1.4{ 1.1/ 1,5| 1.4| 1.4] 1.3| 1,3| 1.2/ 1.2 1.2 1.21 1.3 1.2 1,2/ 1.3 1.4/ 1.5( 3
4|1.1 1.3/ 1.6/ 1.7 1.9/ 2.0/ 2.0] 2.0 | 2.0 1.9 l.S; 1.6/ 1.5/ 1.2 0.9 1.3 1.2] 1.2{ 1.1 1.1 1.0{ 1.0] 1.0 10‘ 1.1 1.0 1.0‘ 1.1/1.2/ 1.3 4
," 5] 0.9 1.1 1.4/ 1.5/ 1.7) 1.8( 1.8/ 1.8 (1.8 1.7/ 1.6/ 1.4 1.3 1.0, 0.7/ 1.1| 1 0 1.0; 0.9 O.Ql 0808 0808 0.9 0.80.8 09 1.0 1LY 5
g 6 0.8 1.0 1.3 1.4/ 1.6/ 1.7| 1.7| 1.7 | 1.7] 1.6 1.5 1.3/ 1.2) 0 9| 0.6/ 1.0/ 0.9/ 0.9 0.8 0.8 0.7/ 0.7 0.7 (0.7, 0 8 0.7 0.7/ 0.8 0.9 1.00 6
1 \ 7 (0.8 1.0 1.3 1.4/ 1.6/ 1.7| 1.7| 1.7 | 1.7| 1.6 1.5‘; 1.3/ 1.2 0.9/ 0.6/ 1.0 0.9 0.9’0.8 0.8 0.7/ 0.7) 0.7 0.7/ 0.8 0.7 0.7 0.8“ 0.9/ 1.00 7
' 809 1.1/1.4/15 1.7/ 1.8 1.8 1.8 |18 1.7186 1.4 1.3 1.0} 0.7] 1.1] 1.0{ 1.0| 0.9| 0.9 0.8" 08 08 0.8‘ 0.9 0.8 0.8 0.9 1.0/ 1.1| 8
| 9]1.1 1.3 1.6/ 1.7 1.9] 2.0, 2.0, 20 | 2.0 1.9 1.8‘ 1.6/15 1209 1.3 12 1.2 1.11.1 l.0| 1.0/ 1.0 |1.0/1.1 1.0 1.0" 1.1/ 1.2/1.3 9
10 | 1.8 1.5/ 1.8 1.9/ 2.1/ 2.2/ 2.2| 2.2 |22/ 2.1 2.0‘ 1.8 1.7 1.4| 1.1] 1.5 1.4 1.4] 1.3| 1.3| 1.2\ 12 12|19 1.35 1.2 1.2 1.3 1.4 1.5 10
11 | 1.4 1.6 I.QI 2.0/ 2.2 2.3/ 23 2.3(2.322 Q'li 1.9] 1.8| 1.5/ 1.2 1.6‘ 1.5 1.5] 1.4] 1.4 1.3’ 1.3| 1.3)1.8/1.4 1.3 1.3! 1.4 1.5/ 1.6/ 11
|
| |
: |
t I
|
| {
|
|
Il
i
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REPORT OF THE SUPERINTENDENT OF

TABLE IX.—SAN DIEGO.

wmqmu»uw-—‘c;

-
-

I Time of moon’s transit,

SMALL EBB TIDE, OR FROM SMALL HIGH WATER TO SMALL LOW WATER..

FROM SMALL LOW WATER TO LARGE HIGH WATER.

‘Days from moon’s greatest declination.

Days from moon’s greatest declination.

Before—

After—

Before— ‘ After—

4.3

3.4
3.2
2.9
2.4
1.6
1.1
1.2
1.3
2.3
3.1
3.6
3.7

3.0
2.8
2.5
2.0
1.2
0.7
0.8
1.3
1.9
2.7

C O O T O I A

| e
-

FY. | Fe. | F. | Fe
2.6/ 2.3 2 1] 2.
1
1
1
0

0] 2,0 2.1] 2.3
.8 1.8] 1.9{ 2.1
.5 1.5 1.6| 1.8
0
2

)
2
(-]

2.4 2119
2.1/ 1.8 1.6

3.0
2.7
2.2
1.4
0.9
1.0
1.5
2.1
2.9

S oo -

1.6/ 1.3{ 1.1 1.0 1.1 1.3
0.8/ 0.5/ 0.3] 0.2 0.2 0 3| 0.5
0.3 0.0] -.2[ -.3] =3[ -2/ 00
0.4/ 0.1 -.1| .2/ -2 -.1] 0.1
0.9 0.6/ 0.4f 0.3} 0.3] 0.4] 0.6
1.5/ 1.2/ 1.0{ 0.9] 0.9] 1.0{ 1.2
2.3 2.0] 1.8 1.7 1.7] 1.8 2.0

3.2
3.3

3.4
3.5

2.8 2.5/ 2.3| 2.2/ 2.2| 2.3 2.5
2.9 2 6] 2.4] 2.3/ 2.3] 2.4 2.6

[ R e - I I VN U ]

S s oo vk ®

5

. | FY.

3.8
3.6
3.3
2.8
2.0
1.5
1.6
2.1

2.7
3.5
4,0
4.1

5

Fi.
4.6
4.4
4.1
3.6
2.8
2.3
2.4
2.9
35
4.3
4.8
4.9

.| P
5.9 5.1
50 4.9
4.7 4.6
42 41
3.4 3.3
2.9 2.8
3.0 2.9
3.5 3.4
4.1 4.0
4.9 4.8
5.4 5.3
5.5 5.4

Fe.
4.9
4.7
4 4
3.4
3.1
2.6
2.7
3.2
3.8
4.6
5.1
5.2

From @ t0 bevessiesssssssssanssnnssecsees sevee.. Diagram I.
From ct0d.cceessassessssnses sossssessssssesss. Diagram I1.

From b to c...
Fromad 10 ;. vos vave ssnsnvevenansovsssavonases i DENGIRM TT

Ft,

4.7
4.5
4.2
3.7
2.9
24
2.5
3.0
3.6
4.4
4.9
5.0

4321‘019345

| m|m | B B B B | F.
4.5 4.4] 4.3] 4.2 4.2] 4.1] 4.1] 4.0] 4.0 3.9
4.3 4.2 4.1] 4.0 4.0 3.9| 3.9| 3.8| 3.8] 3.7
4.0/ 3.9) 3.8| 3.7 3.7 3.6{ 3.6( 3.5 3.5 3.4
3.5/ 3.4 3.3 3.2 3.2 3.1 3.1 3.0] 3.0/ 2.9
2.7 2.6/ 2.5/ 2.4 2.4 2.3 2.3 2.2 2.2 2.]
2.2 2.1(2.0/ 1.9 1.9 1.8 1§ 1.7 1.7 1.6
2.3‘ 2.2 2.1/ 2.0/ 2,0/ 1.9 1,9/ 1.8/ 1.8 1.7
2.8 2.7/ 2.6/ 2.5 2.5 2.4 2.4/ 2.3 2.3 2.2
3.4/ 3.3 3.2 3.1 3.1| 3.0 3.0 2.9 2.9 2.8
4.2 4.1/ 4.0/ 3.9/ 3.9 3.6 3.8 31/ 3.7 36
4.7 4.6/ 4.5/ 4.4 4.4 4.3 4.3 4.2{ 4 2 4.1

3.7
4.2

4A8‘ 4.7 4.6 4.5| 4.5 4.4 4.4 4.3 4.3; 4.2

4.3

I R N - |Timeot‘moon’stransit.

—_
<

11

TABLE IX —SAN DIEGO—Continued.

Comauo s ~ol ‘Timeofmoon’utmnen.

=
—

LARGE EBB TIDE, OR FROM LARGE HIGH WATER TO LARGE LOW WATER.|

FROM LARGE LOW WATER TO SMALL HIGH WATER.

Days from moon’s greatest declination.

Days from moon’s greatest declination.

Before—

After—

Before— After—

5.2
50
4.7
4.2
3.4
2.9
3.0
3.5
4.1
4.9
5.4
5.5

6

Ft.

5.8
5.6
5.3
4.8
4.0
3.5
3.6
4.1
4.7
5.5
6.0
6.1

5

Fr.

6.2
6.0
5.7
52
4.4
3.9
4.0
4.5
5.1
5.9
6.4
6.5

43;2101234

Fu.|Ft.| Ft.|F.| Fv.| Ft.| Ft.| Ft. | Ft.
6.6 6.9 7.1/ 7.2/ 72 7.1/ 6.9 6.5/ 6 0
6.4/ 6.7 6.9 7 0 7.0, 6.9] 6.7| 6.3| 5.8
6.1 6.4 6.6 s.7I 6.7| 6.6 6 4| 6.0 5.5
5.6| 5.9 6.1/ 6.2 6.2 6.1/ 5.9 5.5 5.0
4.8/ 51 53 5.4 5.4 5.3 51| 4.7 4.2
4.3 4.6 4.8 4.9] 4.9) 4.8 4.6 4.2{ 3.7

|
4.4/ 4.7 4.9/ 5.0/ 5.0( 4.9 47| 4 3| 3.8

4.9 5,2‘v 5.4] 5.5 5.5/ 5.4| 5.2| 4.8 4.3
5.5 5.8 6.0/ 6.1/ 6.1/ 6.0 5.8 5.4 4.9
6.3/ 6.6 6.8/ 6.9/ 69 6.8‘ 6.6| 6.2 5.7
6.8/ 7.1 7.3 7.4] 7.4] 7.3 7.1]| 6.7] 6.2,

69 7.2 7.4 7.5 7.5/ 7.4| 7.2 6.8 6.3
|

5

Fy.
5.4
5.2
4.9
4.4
3.6
31
32
3.7
4.3
5.1
5.6
5.7

6

Fr.

4.6
4.4
4.1
3.6
2.8
2.3
2.4
2.9
3.5
4.3
4.8
4.9

F.| Fe.
4.0/ 4.1
3.8 3.9
3.5/ 36
3.0/ 3.1
2.2 2.3
1.7] 1.8
1.8 1.9
2.3 2.4
2.9/ 3.0
3.7 3.8
4.2 4.3
4.3 4.4

6

Ft.

4.3
4.1
3.8
3.3
2.5
2.0
2.1
2.6
32
4.0
4.5
4.6

5
Fi.
4.5
4.3
4.0
3.5
2.7
2.3
2.3
2.8
3.4
4.2
4.7
4.8

SS SN R R | R 3] 4 ]S

6

8 e W 1) e N e
. Ft‘Ft Ft.| Ft.| Fe.| Ft.| Fu.| Pu.| P,
4.7/ 4.8 4 9/ 5.0/ 5.0 5.1| 5.1| 5.2 5.2| 5.3
4.5 4.6 4.7) 4.8| 4.8( 4.9/ 4.9] 5,0/ 5.0/ 5.1
4.2( 4.3 4.4] 4.5/ 4.5] 4.6| 4.6] 4.7 4.7] 4.8
3.7) 3.8 3.9] 4.0/ 4.0] 4.1] 4.1| 4.2 4.7 4.3
2.9| 3.0 3.1| 3.2/ 3.2 3.3 3.3 3.4/ 3.4 3.5
2.4| 2.5 2.6] 2.7| 2.7| 2.8] 2.8/ 2.9/ 2.9| 3.0
2 5 2.6/ 2.7 2.8/ 2.8/ 2.9 2.9| 3.0( 3.0 3.1
3.0/ 3.1| 3.2{ 3.3 3.3 3.4| 3.4| 3.5 3.5 3.6
3.6 3.7| 3.8( 3.9) 3.9| 4.0/ 4.0/ 4.1/ 4.1| 4.2
4.4) 4 5/ 4.6| 4.7) 4.7 4.8] 4.8( 4.9 4.9] 5.0
4.9/ 5.0 5.1/ 5.2 5.2/ 5.3 5.3 5.4 5.4/ 5.5

5.0 5.1) 5.2) 5.3 5.3 5.4| 5.4 5.5' 5.5/ 5.6

From @ t0 beseesesssassssossanensoes

Fi.

5.3
5.1
4.8
4.3
3.5,
3.0
3.1
3.6
4.2
5.0
5.5
5.6

Ft.
5.2
5.0
4.7
4.2
3.4
2.9
3.0
3.5
4.1
4.9
5.4
5.5

From ¢ 10 deeeessssnasssss senssssssnnsnsssnases. Dingram L
esvensssses. Diagram ILL

Fromdto e.oecvasisesssesscsnanasnsssssansaaas.. Diagram I,
From b to cevuvsvernvasacnnssnnssssssaissanns.. Diagram 11,

© ot s =l ITimenfmoon’stmnsit.

10
11




THE UNITED STATES COAST SURVEY—1860.

TABLE IX.—SAN FRANCISCO.

33

' Hours of moon’s transit.

IEMALL EBB TIDE,OR FROM SMALL HIGH WATER TO SMALL LOW WATER. FROM SMALL LOW WATER TO LARGE HIGH WATER. ‘.3
Days from moon’s greatest declination. Days from moon’s greatest declination. .;
| g
Before— After— Before— | Afver— G
z
7654{391012_34567765432‘10123'45675
PR A A LA A A AP AP A AT AR A A R P A RS A D NP AR AT A A ]
4.7 4.0/ .4/ 2.9/ 2.4/ 2.0/ 1.8 1.7 1.7| 1 & 2.2| 2.6| 3 1| 3.7| 4.4| 5.2/ 4 9| 4.6/ 4.5 4 0 8.7 3.4/ 3.2 3.1 3.0/ 3.1] 3.1 3.3‘ 3.4/ 3.5 0
45| 3.8’ 3.2/ 2.7 2.2 1.8 1.6] 1.5/ 1.5 1.7] 2.0| 2.4] 2 | 3 5/ 4.2 5.0[ 4.7 4.41 4.3/ 3.8 3.5 3.2‘ 3.029 2¢g 2 9‘ 29 3.13233 1
4.3/ 3.6 3.0/25 20 ].ﬁl 1.4 1.3 13| 15| 1.8 2.2 2.9 3.3 4.0/ 4.8 4.5/ 4.2 4.1/ 3.6/ 3.3 3.0/ 2.8 2.7 2.6/ 2.7/ 2.7| 2 9 3.0/ 3.1| 2
4.0/ 33 2.7/ 2.2 1.7 1.3 1.1 1.0 1.0] 1.2 1.5I‘ 1.9/ 2.4) 3.0/ 37 4.5 4739 3.8 3.3 3.0 2.7 2.5/ 2.4 2.5/ 2.4/ 2.4 2.6/ 2.7 2.8| 3
3.5‘ 2.923 1813 0.9/ 0.7/ 0.6 0.6/ 0.8 1.1 1.5 2.0/ 2.6 3.3 4.1) 3.8 3 5 3.4 2.9/ 2.6 2.3 2.1/ 2.0 1.9/ 2.0/ 2.0/ 2.2/ 2.3 2.4" 4
3‘2‘ 2.5 1.9 1_4‘ 0.9 0.5 0.3] 0.2 0.2 0.4 07‘ 1.1) 1.6/ 2.2/ 2.9 3.7] 3.4| 3.1/ 3.0/ 2.5{ 2.2 1.9 1.7/ 1.6{ 1.5] 1.6] 1.6/ 1.8/ 1.9/ 2.0/ 5
3.2! 2.5 1.9 1.4( 0.4 U.;')Y 0.3 0.2 0.2/ 0.4 0_7| 1.1] 1.6( 2.2| 2,9 3.7] 3.4| 3.1| 3.0‘ 2.5 2.'2} 1.9‘ 1.7| 1.6 1.5 1.6 1.6 1.8" 1.9/2.0/ 6
3.4f 2.7 2.1 1.6I 1.1 0.7/ 0.5 0.4/ 0.4| 0 6] 0.9] 1.3/ 1.8/ 2.4/ 3 1| 3.9 3.6| 4.3/ 3.2 2.7) 2.4 '2.1‘ 1.9/ 1.8 1.7 1.8 1.8 2.0/ 2.1/22 2
3.8; 3.II 2.5 2.0: 1,5/ 1.1 0.9 0.8/ 0.8 1.0] 1,3| 1.7| 2.2 2.8/ 3.5/ 4.3| 4.0/ 3.7/ 3.6| 3.1 :7..8‘ 2.5 2.3 2.2‘ 2.112.2(29 9.4 9.5 26 8
4.|’ 3.4 2.8 2 3‘ 1.8 1.4 1.2] 1.1{ 1.1] 1.3] 1.6] 2.0 2.5/ 3.1| 3.8/ 4.6| 4.3| 4.0/ 3.9/ 3.4 3.1‘_ 2.8/26/25 2.4 2525 272829 9
4.5/ 3.8 3.2“ -2.7‘ 2.2 I.S' 1.6) 1.5/ 1 5(1.7) 2.0/ 2.4/ 2 ¢f 3.5/ 4.2 5.0| 4.7 4.4 4.3 3.8 3.5 3.-2: 30/ 2.9 2.8 2.9 2.9 3.1“ 3.2 3.3 10
4.7[ 4.0‘ 3.4| 2.9\ 2.4 '2.U| 1.8/ 1.7 1.7|1 & 2.2‘ 2.6| 3.1 3.7‘ 4.4 5.2 4.9 4.6i 4.5| 4.0 3.7\ 3.4l 3.21 3.1 3.0 3_11 3.1| 3 ﬁl 3.4 3.5 11
Frombtoe........

From ato b......

FromctoOd.caesssesssssssssssarcansonaen

eeseess. Diagram [
vessss.. Diagram 11,

From @90 i liiviti ssinsaoteoneds

cevs uw: oo DiugrEn I

TABLE IX.—SAN FRANCI3CO—Continued.

«sves. Diagram II.

0
1
2
| o 3
4
| 5
{ 6
[ 7
; d 8
9
" 10
11
P
|
|
s

“

ATy T i R R | l Time of moon’s transit.

—
pourd

LARGE EBB TIDE, OR FROM LARGE HIGH WATER TO LARGE LOW WATER.

FROM LARGE LOW WATER TO SMALL HIGH WATER.

Days from moon’s greatest declination.

Days from moon’s greatest declination.

£
o
g
Before— After— Before— ‘ After— E |
‘ S N R B e o |
2§ 6543;21 012.3'_. 4-567 7 6543}2 1 01234‘5675
A S T O S R e e e (R [ T T T e e e (S (N (S (e B R P e s - |
Ft | Rt |Fi. | Ft. | Fi.| Ft Iv‘t.’Ft Ft.|Fy. | Fe.| Fv.| Fe.| Ft.| Ft.| Ft. | Ft.| Ft.| Ft.| Ft.| Ft.| F1. | Fy. | Ft. Ft.\Ft.|FR.|F.|F.|F.| H. ‘
3.9 4.6 5.‘2‘ 5.7 6.2 6.6 6.8‘ 69 6.91 6.7 6 4/ 6.0 5.5 4.9 4.2 34‘ 3.7 4.0| 4.1/ 4.6/ 4.8| 5.2 5.4]| 5.5| 5 6“ 5.6’, 5.5/53 5252 0 :
37 4.4 5.055 6.0 6.4 6 6‘ 6.7] 6.7) 6.5 6.2] 5.6 5.3 4.7 4.0‘ 3.2 3.5/ 3.8 3.9] 4.4/ 47| 5.0/ 5.2 5.3 5.4/ 5.3 5.3 5.1 5.01 5.0 “1 |
3.5 4.2/ 4.8 5.3/ 5.8 6.2 6.4/ 6.5/ 6.5 6.3 6.0| 5.6/ 5.1/ 4.5/ 3 8 3.0/ 3.3| 3.6/ 3.7 4.2 4.5/ 4.8] 5.0/ 5.1 5.2 5.1 51/ 4.9/ 48 48 2 !
3.2 3.9 4.51 5.0/ 5.5 5.9/ 6.1/ 6.2( 6.2/ 6.0 5 7 5.31 4.8/ 4.2 35‘ 2.7/ 30/ 3.3 3.4 3 91 4.2/ 4547 4.8/4.9/48 4.8 46/ 4.5/ 45 3 |
2.8 3.5 4 l‘ 4.6 5 l‘ 55/ 5.7 5.8 5.8/ 5.6) 5.3] 4.9/ 4.4| 3.8 3,1‘ 2.3] 2.6 2.9’ 3.0 3.5" 3.8/ 4.1/ 4.3/ 4.4 4.5‘ 4.4“ 4.4 4:2’ 4.1/ 4.1 4 ‘
2.4/ 3.1| 3 7‘ 4.2 4.7‘ 5.1 5.3. 5.4 5.4/ 5.2 4.9( 4.5/ 4.0/ 3.4/ 2.7 1.9/ 2 2/ 2.5 2.6 3.1| 3.4| 3.7 3.9] 4.0/ 4 1| 4.0/ 4.0 3.{(‘ 3.7 3 7( 5 ;
2.4/ 3.1/ 3.7 4.2 4.7/ 5.1| 5.3 5.4| 5.4| 5.2/ 4.9] 4.5/ 4.0/ 3.4/ 2 'i‘ 1.9/ 2.2( 2.5/ 2 6/ 3.1| 3.4| 3.7/ 39| 4.0 4.1/ 4.0 4,0/ 35 3.7/3.7 6 |
2.6/ 3.3 3.91 4.4 4.9“ 5.3 5,5‘ 5.6| 5.6| 5.4| 5.1] 4.7| 4 2/ 3.6/ 2.9/ 2.1/ 2.4]| 2.7 2.8 3.31 3.6/ 3.9/ 4.1/ 4.2 4.3] 4.2/ 4.2/ 4.0 39 3.9 7 I
30/ 3.7 4.3 4.8/ 5 3 5.7 5.9‘ 6.0/ 6.0 5.8 5.5 5‘1‘ 4;6! 40 3.3 2.5/2.8 3.1 3.2 3.7 4.0/ 4.3 45 46 4_7! 4.614.6 4.4 4343 8 !
3.3 4.0/ 4 6/ 5.1| 5.6/ 6.0 6.2: 6.3 6.3 6.1/ 5.8/ 5 4‘ 4.9/ 4.3 3.6/ 28 3.1]3.4 3.5 4.0 4.3 4.6‘. 4.8 4.9 5.0‘4.9’ 4.9/ 4.7 4.6/ 4.6 9 '
3.7 4.4 5.0: 5.5 6‘01\ 6.4 6.6‘ 6.7 6.7 6.5 6.2 5.8 5.3 4.7 4.0" 3.2/ 3.5] 3.8 3.9 4.4 4.7| 5.0 5 2| 5.3 5.4( 53I 5.3/ 5.1/ 50/ 5.0 10
3.9/ 4.6 5.2“ 5.7 6.2/ 6.6 6.8‘ 6.9 6.9 6.7 6.4 6.0‘ 5.5 4.9 4.2‘ 3.4‘ 3.7' 4.0‘, 4.1 4.6‘ 4.9 5.2 5.4I 3.5 5.6‘ 5.5} 5.5/ 5.3/ 5.2 5.2‘ 11
Frometod . coveiecersncinennsnsssecnnsescanses Diagram I. ‘ Fromdtoe.. .Diagram I. ]
From @10 Buceceieeaviossessaronsvone sasonansesasDIaQrAM Il | From B 0.0, caeeiesiobons sossasandssess svssesssesDingram IL |
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i | 34 REPORT OF THE SUPERINTENDENT OF

R TABLE IX.—ASTORIA.

! . +
SMALL EBB TIDE, OR FROM SMALL HIGH WATER TO SMALL LOW WATER. FROM SMALL LOW WATER TO LARGE HIGH WATER.

Days from moon’s greatest declination. Days from moon’s greatest declination.

:‘Eé"

Before-- After— Before— After—

-

o
I Hours of moon’s transit.
I Hours of moon’s transit.

76543210123’4

i
Ft. | Fv.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft.| Fb.| Ft. H.‘Fl.lFt. Ft.| Fr.| Ft. | Ft.| Fe.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft
7.4 6.0| 5.4 5.0| 4.6/ 4.5 4.5 4.6) 4.7/ 5.1| 5.5 6.2 6.9 7.8 8.0 7.8| 7.5/ 7.2| 6.8| 6.4| 6.3/ 6.2 6.1 6.2| 6.2 6.3/ 6.3/ 6.3
7.5 6.1| 5 5 5.1/ 4.7 4 6/ 4.6/ 4.7| 4.8/ 5.2 5. 6} 6.3 7.0l 7.9) 8,1 7.9| 7.6 7.3| 6.9] 6.5 6.4| 6.3 6.2/ 6.3) 6.3| 6.4] 6.4 6.4
7.2 6.5 5.8] 5.2 4.8] 4.4 4.3 4.3| 4.4/ 4 5| 4. 9‘ 5.3 6.0 6.7 7.6/ 7 8 7.6| 7.3| 7.0| 6.6| 6.2 6.1 6.0 5.9| 6.0| 6.0 6.1/ 6.1 6.1

|
6.6 5.9 5.2| 4.6 4.2 3.8 3.7 3.7| 3.8 3.9) 4. Ji 4.7 5.4 6 '7 .0l 7.2/ 7.0 6.7 6 4 6.0| 5.6/ 5.5/ 5.4| 5.3| 5.4| 5.4| 5.5 5.5 5.5/ 5.6
|
|

56}676543210123456

i
—
| =

b

[ S

oo oy

TR ol
.
oo o
@ 1
0

5.9 5.2| 4.5/ 3.9/ 3.5/ 3.1/ 3 0| 3.0/ 3.1 3.2| 3.6 4 0‘ 4.7 5.4 6 3| 6.5 6.3 6.0 5.7 5.3| 4.9 4.8 4.7 4.6/ 4.7) 4.7 4.8| 4.8] 4.8 4.9
5.2 4.5| 3.8| 3.2 2.8| 2.4) 2.3 2 3 2.4 2.5| 2.9 33; 4.0 4 7| 5.6/ 5.8 5.6( 5.3| 5.0| 4.6) 4.2 4.1| 4.0/ 3.9/ 4.0/ 4,0 4.1 4.1] 4.1 4.2
4.8/ 4.1] 3.4 2.8 2.4) 2.0] 1.9 1.9 2.0| 2.1 2.5 29\ 3.6 4. 3‘ 5.2 5.4 5.2/ 4.9| 4.6/ 4.2 3.8/ 3.7| 3 6/ 3 5/ 3 6| 3.6| 3.7| 3.7 3.7| 3.8
5.0 4.3( 3.6| 3.0 2.6/ 2.2 2.1] 2.1] 2.2{ 2.3| 2. 7‘ 2, 1 3.8 45 54 5.6 5.4/5.1/ 4.8 4.4 4.0/ 3.9| 3 8 3,7/ 3.8/ 3.8 3.9 3.9 3.9 4.0
5.5 4.8 4.1] 3 5/ 3.1 2.7] 2.6] 2.6] 2.7| 2.8| 3.2 36 4.3 5. 0’ 5. 9 6.1 5.9) 5.6| 5.3/ 4.9| 4.5 4.4) 4.3 4.2| 4.3] 4.3 4.4| 4.4| 4.4/ 4.5
6.3 5.6 4.9] 4.3 3.9 3.5 3 4| 3.4 3.5 3.6 4. 0 4 :l‘ 5.1 5. 8' 6.9 6.7 6.4| 6.1/ 5 7| 5.8] 5.2 5.1| 5.0 5.1/ 5.1| 5.2 5 2 5.2| 5.3
7.0! 6.3] 5.6| 5.0] 4.6] 4.2| 4.1] 4.1| 4.2| 4.3 4. 7 51 5.8 6. 5‘ 7 4 7.6 7.4| 7.1| 6.8| 6.4] 6.0 5,9/ 5 8 5.7/ 5.8/ 5.8 5 9| 5.9 5.9| 6.0
= | 7.3| 6.6 6.9 5.3 4.9 4.5 4.4| 4.4| 4.5 4.6/ 5. 0‘ 5. 4' 6.1 6.8| 7.7 7.9 7.7| 7.4] 7.1 6.7] 6.3] 6.2] 6.1 6.0/ 6.1/ 6.1| 6.2| 6.2 6.2 6.3
| |
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TABLE IX.—ASTORIA—-Continued.

LARGE EBB TIDE, OR FROM LARGE HIGH WATER TO LARGE LOW WATER. FROM LARGE LOW WATER TO EMALL HIGH WATER.

Days from moon’s greatest declination. Days from moon’s greatest declination.

Before— After— Before— After—

l Hours of moon’s transit.
‘ Hours of moon’s transit.

7 6]5 PO R O N o W S ) S I 0 GRS A 3N 1] 6 1 8 4 & S BT

e [ e e _——— — | o e s
|

P T P T P A A A A A AR N A A TR B AR A AP AP AP AR A AT AR
7.0 7.7 8.4 9,0 9.4 9.8 9.9 9.9 9.8 9.7] 9.3[ 8.9 8.2 7.5 6.6 6.4/ 6.6/ 6.9 7.2 76| 8.0/ 6.1 0.9| 6.3 23] 8.5 8.1] 8| 5.3 8.9 0
7.1 7.8 8.5 9.1 9.5 9.910,0110.0, 9.9| 9.8 9.4 9.0/ 8.3 7 6 6.7 6.5 6.7 7.0 7.3 77 8.1/ 8.2 8.3 8.4 8 3 8.3 8.2/ 8.3 8.2 8.1 1
6.8 7.5 8.2 8.8 9.2 9.6 9.7 9.7 9.6/ 9.5 9.1/ 8.7 8.0 7.3 6.4 6.2 6.4] 6.7 7.0 7.4 7.8| 7.9 8.0 8.1] 8.0| 8.0| 7.9] 7.9 7.9/ 7.8 2
6.9 6.9 7.6 8.9 8.6 9.0 9.1/ 9.1 9.0/ 8.9 8.5 8.1 7.4 6.7 5.8 5.6/ 5.5 6.1/ 6.4 6.8 7.2 7.3 7.4 7.5 7.4 7.4 7.3 7.9 7.3 72 3
5.4 6.2, 6.9 7.5 7.9 8.3 8.4 8.4 8.3 8.2 7.8 7.4/ 6.7 6.0/ 5.1 49 5.1/ 5.4/ 5.7 6.1, 6.5 6.6/ 6.7) 6 § 6.7) 6.7) 6.6) 6.6/ 6.6/ 6.5 4
w8 55 6.9 6.8 7.2 7.6 7.7| 7.7 7.6| 7.5{ 7.1/ 6.7 6.0 5.3 4.4 4.2] 4.4 4.7| 5.0] 5.4 5.8 5.9 6.0| 6.1/ 6.0 6.0/ 5.9 5.9/ 5.9 58 5
ot 515l 6.4 6.8 7.9 7.9 7.3 7.2 7.1] 6.7 6.3] 5.6 4.9 4.0 3.8 4.0| 4.3] 4.6] 5.0/ 5 4/ 5.5 5.6 5.7| 5.6/ 5.6 5.5/ 5.5 5.5 5.4 6
: 7

8

9

6.0| 6:6] 7.0 7.4 7.5 7.5 7.4| 7.3 6.9| 6.5/ 5.8 5.1/ 4.9| 4.0/ 4.9] 4.5/ 4.8/ 5.2 5.6/ 5.7 5.8 5 9 5.8 5.8 5.7/ 5.7| 5.7| 5.6
5.1 5.s| 6.5 7.1] 15| 7.9] 8.0] 8.0{ 7.9] 7.8 7 4 7.0/ 6.3 5.6/ 4.7 4.5 4.7( 5.0] 5.3 5.7) 6.1| 6.2 6.3} 6.4/ 6.3) 6.3 6.2 6.2 6.2 6.1
5.9) 6.6/ 7.3 7.9/ 8.3 5.7 8.8/ 8.8 8.7 8.6/ 82 7.8 7.1 6.4 5.5 5.3 5.5/ 5.8 6.1 6.5 6.9) 7.0 7.1| 7.2 7.1{ 7.1 7.0( 7.0| 7.0 6.9
6.6 7.3 8.0| 8.6/ 9.0 9.4/3.5 9.5 9.4| 9.3 8.9) 8.5 7.8 7.1| 6.2 6.0/ 6.2| 6.5/ 6 8 7.2 7.6/ 7.7| 7.8 7.9) 7.8 7.8 7.7) 7.7) 7.7) 7.6| 10
‘:l.L 6.9 7.6 8.3 8.9( 9.3 9.7| 9.¢[0.8 9.7) 9 6| 9.2 8.8 8.1 7.4 7.5 6.3 6.5 6.8| 7.1 7.5 7.9| 8.0 8.1/ 8.2 8.1) 8.1 8.0 8.0/ 8.0 7.9) 11
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TABLE IX.—PORT TOWNSHEND.

SMALL EBB TIDE, OR FROM SMALL HIGH WATER TO SMALL LOW WATER. FROM SMALL LOW WATER TO LARGE HIGH WATER.

Days from moon’s greatest declination. Days from moon’s greatest declination.

Before— After— Before— After—

I N A e B 't
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I Hours of moon’s transit.
| Hours of moon’s transit.

4 |3 2 | 44 011913 4‘5 6

Ft. | Ft.| Ft.| Ft.| Fi.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft. | Ft.| Ft. Ft.| FL.
5| 3.5 5:9] 4.6] 6.0] 7.2] 8.4 9.0| 9 5/ 9.6/ 9.4| 9.2] 8.7 8.9] 7.9/ 7.1
5 3.5/ 3.9| 4.6 60 7.9 8.4/9.09.59.6 9.4 92 8.7 82 7971
a3.4]3.8 45 } 7.1/ 8.3 8.9/ 9.4/ 9.5 9.3 9.1/ 8.6 8.1 7.8 7.0
121/ 3.5 4.2 5.6 6.5 8.0 8.6 9.1/ 9.3 0.0/ 8.8 £.3 7.8 7.5 6
5 2.5(2 0 365,062 7.4 8.0 8.5 .6 8.4 8.3 7.7 7.2 6.9/ 6.1
1| 2.1] 2.5 3.9] 4.6 5.8 7.0/ 7.6{ 8 1] 8.2] 8.0| 7.8 7.3 6.8] 6.5] 5.7
1 2.1] 2.5 3.2 4.6 58‘70 7.6/8.1/8.28.0 78 7.3 6.8 6.5 5.7
32327 3.4 4.8 6.9 7.9 7.8 8.3 8.4 8.2 8.0/ 7.5 7.0 6.7 5.9
5
7
1
4

Feet. | Ft.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft, | Ft.| Ft.| Ft.| Fl
45|56 6.9 8.0 8.6/ 89 BE& 88 87 8.7 85 807366
4.5 | 5.6/ 6.9] 8.0 8.6 8.9/ 8.8 8.8 8.7 8.7/ 8.5 8.0/ 7. 3l 6.6
4.4 | 5.5 6.8 7.9 8.5 8.8 8.7i 8.7 8.6| 8.6 .4' 7.9 7 .5,
4.1 | 5.2/ 6.5 7.6/ 8.2 8.5 8.4 8.4] 8.3] 8.3 7.6/ 6. 9‘ 6.2
3.5|4.6/ 59| 7.6 7.6/ 7.9] 7.8 7.8/ 7.7| 7.7 7.0/ 6.3 5.
31 ]|4.2 5.5 6.6 7.2( 7.5 7.4] 7.4 7.3/ 7.3 6.6 5.9! 5.
3.1 | 4.2| 5.5/ 6.6| 7.2 7.5 7.4/ 7.4] 7.3| 7.3 6.6/ 5.9/ 5
. 3.3 | 4.4/ 5.7 6.8 7.4 7.7 7 6 7.5 7.5 6.8 6.1' 5
3.5 | 4.6| 5.9 7.0, 7.6| 7.9 7 8| 7.7 7.7 7.0 6.3 5
3.7 4.8‘ 6.1 7.2) 7.8/ 8.1| 8 0 8.0 7.9/ 7.9 7.2 6.5‘ 5
4.1 | 5.2 6.5/ 7.6 8.2| 8.5/ 8.4/ 8.4| 8.3 8.3 7.6/ 6.9/ 6.2

|
4.4 5.5. 6.8 7.9’ 8 5| 8.8/ 8.7| 8.7| 8.6 8.6 7.9 7.9‘ 6.5
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6.4’ 7.6 8.2 8.7 s.s‘ 8684 7.9 747163

6.8 8.0 8.6 9.1/ 92 9.0/ 8.8 8.3 7.8 7.5 6.3| 10
7.1 8.3“ 89 9.4 9.5 9.3 9.1 8.6‘ 8.1/ 7.8 7.0
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TABLE IX.—PORT TOWNSHEND—Continued.

LARGE EBB TIDE, OR FROM LARGE HIGH WATER TO LARGE LOW WATER. FROM SMALL LOW WATER TO LARGE HIGH WATER.

Days from moon’s greatest declination. } Days from moon’s greatest declination.

Before— After— Before— After—
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| Hours of moon’s transit.
‘ Hours of moon’s transit.

4|3 2} L 101 4 5{6 I 7
Ft. FL)FL Ft.
23 2.8 3.1] 3.9
28|3l 3.9

} 3.0, 3.8

Feet. | Ft.| Ft.| F¢. | Ft.
6.5 | 5.4| 4.1| 3.0| 2.4
6.5 | 5.4] 4.1] 3.0 2.4
6.4 | 5.3] 4.0 2.9 2.3
6.1 | 5.0 3.7| 2.6/ 2.0
5.5 | 4.4/ 3.1/ 2.0{ 1.4
5.1 | 4.0[ 2.7| 1 6{ 1.0
5.1 | 4.0 2.7| 1.6| 1.0

2

4

Fe.
[2 i
lt’.."
'2.1
1.8
1.2
0.8
0.8
1.0
1.2
1.4
1.8
2.1
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I
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|
l

Ft.| pt.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft.| Ft. | Ft.| Ft.| Ft.| Ft.
2.3 2.3 2.5 3.0/ 3.7| 4.4, 5.5/ 7.5 7.1/ 6.4, 5.0/ 3.8 2.61 2.0, 1.5 1.4
2.3 232 .') 3. 01 3.7 ‘ !5.5 7.5| 7.1| 6.4] 5.0 3.8 2.6’ 2.0/ 1.5( 1.4
2.2/ 2.2 2.4 2.9/ 3. (>‘ 4.J 5.4/ 7.4/ 7.0/ 6.3 4.9| 3.7/ 2.5 1.9] 1.4 1.3
1.9 1.9 2.1| 2.6/ 3.3| 4.0{ 5.1| 7.1| 6.7 6.0| 4.6/ 3.4/ 2.2 1.6/ 1.1 1.0
1.3 1.3 1.5/ 2.0/ 2.7| 8.4] 4.5/ 6.5 6.1/ 5.4 4.0 2.8 16‘10 05 0.4
0.9/ 0.9/ 1.1 16123 3.0/ 4.1/ 6.1] 5.7| 5.0| 3.6 24‘[12{06 0.1/ 0.0
0.9 0.9 1.1 i2.}304.16.1 5.75.03.6241206i010.0
1.1 1.0 1.3] 1 8‘ 2.5/ 3.2/ 4.3 6.3 5.9/ 5.2 3.8 2.6 1.4i 0.8/ 0.3 0.2
1.3/ 1.3 1.5 2 0, 2.4} 3.4 4.5/ 6.5] 6.1 5.4‘ 4.0{ 2.8 | 0.5/ 0.4
15| 1.5 1,7 2,2‘ 2.9/ 3.6/ 4.7/ 6.7/ 6.3 5.6 4.:’ 3.0 1. 8 1 2 0.7 0.6

1.9/1.9 21 Q‘SI 4.0/ 5.1/ 7.1] 6 7| 6.0 4.6 3. 4 "2' 1. 6 1. lI 1.0
2.2‘ 2.2| 2.4] 2,9
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Example VII.—Thus, in Example VI, the high water of February Tth was found to be 3.3
feet above mean low water. The declination being south, Diagram I applies, and this high
water is the small one. To obtain the fall of the next low water or small low water, we enter
Table IX, for San Francisco, with 0% of moon’s transit, and two days after the greatest decli-
nation in the first part of the table, and find 1.9 foot, which will be the difference in the height
of this high and low water. Entering with the same transit and day in the second part, we
find 3.0 feet, which is the rise of the large high above the small low water; the difference
between 1.9 and 3.0 or 1.1 foot is the difference of height of the two successive high waters.

It is easy to see how, in this way, the soundings of a chart can be reduced to what they
would be approximately at all the successive high and low waters.

TIDES OF THE GULF OF MEXICO.

On the coast of Florida, from Cape Florida around the peninsula to St. Mark’s, the tides
are of the ordinary kind, but with a daily inequality which, small at Cape Florida, goes on
increasing as. we proceed westward to Tortugas. From the Tortugas to St. Mark’s the daily
inequality is large and sensibly the same, giving the tides a great resemblance to those of the
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Pacific coast, though the rise and fall is much smaller. Between St. Mark’s and St. George’s
island, Apalachicola entrance, the tides change to the single day class, ebbing and flowing but
once in the twenty-four (lunar) hours. ‘

At St. George’s island there are two tides a day, for three or four days, about the time of
f the moon’s declination being zero. At other times there is but one tide a day, with a long
I stand at high water of from six to nine hours. From Cape St. Blas to and including the
mouth of the Mississippi, the single day tides are very regular, and the small and irregular
double tides appear only for two or three days, (and frequently even not at all,) about the
time of zero declination of the moon. The stand at high and low water is comparatively
short, seldom ¢ xceeding an hour.

To the west of the mouth of the Mississippi the double tides reappear. At Isle Derniére
they are distinct, though a little irregular for three or four days near the time of the moon’s
zero declination. At all other times the single day type prevails, the double tides modifying
it, however, in the shape of a long stand of from six to ten hours at high water. This stand
is shortest at the time of the moon’s greatest declination, sometimes being reduced to but one
hour. At Calcasieu the tides are distinctly double, but with a large daily inequality. The
rise and fall being small, they would often present to the ordinary observer the same appear-
ance as at Isle Derniére. At Galveston the double tides are plainly perceptible, though small,
for five or six days at the time of moon’s zero declination. At other times they present the
single day type, with the peculiarity that, after standing at high water for a short time, the
water falls a small distance, and stands again at that height for several hours, then continues
to fall to low water. Sometimes it falls very slowly for nine or ten hours following high water,
and then acquires a more rapid rate to low water. At Aransas Pass and Brazos Santiago the
{E single day tides prevail. Small, irregular, doubie tides are only perceived for two or three
| days at the moon’s zero declination. At all other times there is but one high water in the
;J‘ ‘ day, with a long stand of from six to nine hours, during which there are often small, irregular
[ fluctuations or a very slow fall. In the following table the mean rise and fall of tides at the
| above stations are given.

LY | The highest high and the lowest low waters occur when the greatest declination of the moon
]’ || happens at full or change; the least tide when the moon’s declination is nothing at the first or
last quarter. The rise and fall being so small, the times and heights are both much influenced
B by the winds, and are thus rendered quite irregular.
*’ ‘- TABLE X.
Rise and fall at several stations on the Gulf of Mexico.

il Mean rise and fall of tides.
Stations.
. Mean. At moon’s greatest| At moon’s least
i “i declination. declination.
! Feet. Feet. Feet.
| St. George's island, F1orida . o oo el L3 i )
“ | Pengacola, Florida- - aemmme o 1.0 s o
f ‘. Fort Morgan, Mobile bay, Alabama. - oeenomoiaaaaaaan . i = o
i Cat island, Mississippi.-------ccmommmmecmcmeeme e cccaae e i i e
L | Southwest Pass, Louisiana - cceeeeceme e mme e L1 i we
{ " Isle Dernidre, LOUisianf. - ooz comemmmamemmcmm e aaaeas 1.4 s et
1“ Entfance to Lake Calcasieu, LOUiSIana «eee v camcmmanacaaaaas 1.9 ad 1.4
I Galveston, TeXAS w.wvemeeomconnmmmmammoon oo cecaaaaaas vi iy %
| Aransas Pass, Texas ... --cco-ecccmernommcccanncececcacncnn. - B4 -
Brazos Santiago, TeXas .cceeecmmacmeccccemanees commcncaaann. Lo ke o
|
i ‘ -
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TO DETERMINE THE RISE AND FALL OF THE TIDES FOR ANY GIVEN TIME FROM HIGH OR LOW WATER.

It is sometimes desirable to know how far the tide will rise in a given time from low water,
or fall in a given time from high water, or to approximate to the time which has elapsed from
low or high water, by knowing the rise and fall of the tide in the interval. If the proportion
of the rise and fall in a given time were the same in the different ports, this would easily

d be shown in a single table, giving the proportional rise and fall, which, by referring to Table
I, showing the rise and fall of the tide at the port, would give the rise and fall in feet and
decimals. The proportion, however, is not the same in different ports, nor in the same ports
for tides of different heights. The following Table XI shows the relation between the heights
above low water for each half hour for New York and Old Point Comfort, and for spring and
neap tides at each place. Units express the total rise of high water above low water, and
the figures opposite to each half hour devote the proportional fall of the tide from high water
onward to low water. For example, at New York, three hours after high water, a spring tide
has fallen six-tenths (sixty hundredths) of the whole fall. Suppose the whole rise and fall of
l that day to be 5.4 feet, (Table I;) then, three hours after high water, the tide will have fallen

! 3.24 feet, or three feet three inches, nearly. Conversely, if we have observed that a spring
tide has fallen three feet three inches, we may know that high water has passed about three
hours.

TABLE XI.

Giving the height of the tide above low water for every half hour before or after high water, the total
range being taken as equal to 1.

¥ New York. Old Point Comfort.
| Time before or
after high water.
Spring tide. | Neap tide. | Spring tide. | Neap tide.

h. m.

{ 0 0 1. 00 1.00 1. 00 1. 00
0 30 0. 98 0.98 0. 98 0.98
10 0. 94 0.93 0. 95 0.94
130 0. 89 0. 86 0. 88 0. 87

1 2 0 0. 80 0.72 0. 80 0.78
2 30 0.72 0.59 0.70 0. 68
3 0 0. 60 0. 45 0.59 0. 57
3 30 0.49 0. 31 0.49 0.44

{ 40 0. 39 0.19 0. 37 0.34
4 30 0. 28 0.10 0. 26 0.22
5 0 0.18 0. 02 0.17 0.13
5 30 0.09 0. 00 0. 08 0.05
6 0 L TSR] IR 0.03 0.01

i 6 30 LG £ B LR R S e 0.00 0. 00

}

| TIDES IN COASTING.

By observing the time of high water and low water along the coast we find the places at i
which they are the same. The map of co-tidal lines (Sketch No. 65, C. S. Rep., 1857) shows (¥
that it is high water nearly at the same hour all along the coast from Sandy Hook to Cape

' Caifiaveral; of course not in bays and harbors and up the rivers, but on the outer coast.
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Tt is high water exactly at the same hour all along the line marked XII, seen on the chart,
near Sandy Hook, and north and south of Hatteras, and, with small interruptions at Cape
Lookout and Cape Fear, all the way to near Cape Cafiaveral. This same line extends east-
ward to near Block island, and south of Nantucket, and then passes away from our coast. At
full and change of the moon, along this line, (approximately,) it is high water at twelve o’clock,
Greenwich time, the local time of high water depending upon the longitude of the place; or;
to speak more correctly, in the average of a lunar month it is high water so many hours after
the time of the moon’s passing the meridian of Greenwich. By these lines, called co-tidal
lines, we can determine what tidal currents the navigators must expect to meet in coasting;
and for this purpose we divide the ports of the coast into two sets, those south and those north
of New York.

The sailing lines of coasters, bound to southern ports this side of the straits of Florida, are
marked upon the map, and also of those bound through the sounds to eastern ports, and outside

to Halifax and European ports.
VESSELS TO AND FROM PORTS SOUTH OF NEW YORK.

South of Sandy Hook, New Jersey, the line of XII hours is nowhere more than 18 miles
from the coast; that of XI§ nowhere more than 35 miles; that of XI} nowhere more than 48;
and XI nowhere more than 110. The distance of these lines of XII to XI hours, (corre-
sponding within four minutes to VII and VI of New York time,) for different parts of the
coast, is shown from Table A, where the first column gives the name of the place, and the
second, third, fourth, fifth, respectively, the distances of the co-tidal lines of XII, XI3, XIj, -
and XI hours. The distances are measured from the perts on perpendiculars to the co-tidal
lines. They may be taken as if measured on the parallel of latitude at all the points for the
line of XII hours, and at all between Sandy Hook and Cape Hatteras for the lines of XIi

and XI} hours.

A.
Distance from coast, measured on perpendicular to co-tidal lines.
Names of locations. -
At XII hours. At XI§ hours. At X1} hours. At XTI hours.
Nautical miles. Nautical miles. Nautical miles. Nuutical miles.
Sandy HOOK - accecemaceccccamnmmaancceonnmnn-n- 12 32 53 100
Barnegat camemeceanmoscemsamccsoccaconsonnnns 2 29 39 78
Cape MaY ---ccemcemcecenanoncmccanonanonnoo- 15 30 46 92
Cape Henlopen- - .- «oecmmescmmmmmmoaanoomnes 18 33 47 92
Assateague cceeeamsmmmmmmomssemmmmacomoocoaes 7 22 36 82
Cape HenIy.cooonaean-sosmmsocansasenasancoos 12 28 43 100
Cape Hatteras. .- ccceemmomomemmmooamcccesosoms]oecsossennnoonae 8 20 63
OcrncORE itilet o aens -cocmmnissaner Sussdass dons|sbus aonmanacanan L 26 71
Bhpe TOokoRE. - - - vew-=ox=obuinormmm=vspophon[Sob o SgRogmssuran 7 18 56
Beaufort entrance, North Caroling - - cceveemnn. 6 15 24 63
L e e e R G S T e Lt 6 16 55
R BGIRLL S oo o= s e = o = Mo SRR e RS e e e e 10 21 67
Charleston light .- - - cceac-ecmmemannnmmnonmcn- 3 15 27 70
Port Royal entrance .--------=c=cm-mamson-onms 17 29 78
Tybee entrance -----------=ee==-----==cc=---- 17 31 82
St. Mary's entrance. .-a----=-==sss===ss-sc-cas 12 25 40 110
St. John's entrance - o -coceeeacecmesammcnonmnn 17 35 48, e Rt s
Cape Cafiaveral. .o . cccccecneamooonmmmmmonoons B et L PR FEEP LT TR RETE
(B e e Bt e (PR L S S B MR R Sl D
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The co-tidal lines are in such directions that at 10, 20, and 30 miles from the coast, between
Sandy Hook and the St. John’s, there is but a variation of seven minutes, and even to Cape
Cafiaveral only of eight minutes.

Keeping ten miles from the shore the coaster would pass from 12 hours at Sandy Hook to
11 hours 45 minutes at Hatteras, and increase again irregularly to 12 hours T minutes at the
St. John's, as shown more explicitly in table B. These three tracks of 10, 20, and 30 miles
are inside of the cold wall of the Gulf Stream, and generally in the cold current, except at

Cape Canaveral.

B.
Co-tidal hour at 10, 20, and 30 nautical miles from the
coast, perpendicular to the coast
Names of stations. FrTar .
Ten miles off. | Twenty miles off. | Thirty miles off,
} h. m. h. m. h m
7 SIS Mgl & (07¢) S et 12 0 11 52 11 45
Barnegat «eeeemecees cmcccmcane meeemmemscsemesceasemeem—an—- 11 52 11 44 11 35
Cape MaY «ecococcmccmemececamemccmemmcmcceemmaecaomanaas 126 11 53 11 45
Cape Henlopen «cccceecccccerannmommcemenesaccamm e 12 7 11 57 11 48
ARRIEERITRL. 05 - 8« v oh il o s S van s Rt e e ne W B o8 i 12 0 11 48 11 37
G L S e £ L e e IR 12 5 11 48 11 42
Cape Hattorais gt e s S ol e R e caniss 11 45 11 30 1T 22
Ooracokeinlot. i cscnvaimninimassivon e et T R e 11 47 11 36 11 25
(i1 g8 070 0L | Rl NIt s LS et e A, B e 11 45 11 30 11 20
b Bogufort ontranoal s T b e e S e e e 11 55 11 38 11 25
2 T R S S P L i G PR 11 38 11 25 11 18
Cape BhNIAN ve . oitall RSl o R ARG O e 11 45 R 11 24
CEaR SRRt S L, S e TS S A L I e 11 52 11 38 11 25
Port Royal rentrinee. . Jodis suide 830 LRI U ] T RN 1 = =Sk 31 5% 11 45 11 32
Tybee entranioe- L o ete o oraabaus Sl e L e s S 11 55 11 43 11 30
St Mary's enbralioe = mere va - s el s SRR R sy 12 8 11 57 11 47
Bti-JOh B R GURATICAS Lus Ja el ST o v el S SR S eSSk e e i b AERY § 11 57 11 50
Ciipe Callaveral Socli. Siiiuvedoa Jotainas o nemnar s ot A8 B v facimdmann el h et NAE Sl
47 Cape Florida. oo caioonecoimmmsnssnnssssmmesiasasaces snaes LBI0N - |sentis wonn vosnd Hudouaniont su ot

It follows, then, as a general thing, from these two tables that the coaster, in passing from

| Sandy Hook to the St. John’s would have the tides the same, within some fifteen minutes, as if

he remained at Sandy Hook; so that leaving, for example, at high water, he would, according

to the elapsed time, have the ebb and flood alternating every six hours and a quarter, nearly,

as if he had remained near Sandy Hook. As the flood tide sets in generally to the north-

ward and on shore, and the ebb to the southward and off shore, he would know by the time "

g that elapsed from his departure and the period of the tide at which he started what tidal

currents he might expect to meet as he passed along the coast. This, of course, is not peculiar

to Sandy Hook as a point of departure, but would be true for any of the entrances given in the
| table, taking care not to mistake the time of tides within for that at the entrance.

By referring to George W. Blunt, esq., I have obtained the tracks of sailing and steam

vessels passing from New York to ports to the south of it, as shown by the lines on the chart .

| accompanying this paper. (See Sketch No. 65, C. S. Rep., 1857.) Tracing these on the map »

of co-tidal lines, I have determined how _the navigator would find the tides as he passes from
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port to port. The results are shown in the annexed table, (C,) in which the port between
which and Sandy Hook the mariner passes is at the head of the table, and, at the side, the
place off which the co-tidal hours will be found, as stated in the table.

C.

Co-tidal hours on sailing lines measured on parallels of latitude of places named in the first column,
between New York and—

Off—
Delaware !Chesupenke Ocracoke | Cape Fear. | Charleston. ‘ Savannah. | St. John’s. Cape

bay. ‘ bay. inlet, | Florida.

he m. | h. m. h. m. h. m. h. m. h. m. h. m. h. m.
Sandy HOOK, «..oncuceass sosnonse P R ) L | ] 12§ 12 & 13 6 12 5 12 5 12 5
Barnegat....... 11 57 | 11 57 11 57 11 57 11 57 11 57 11 57 11 57
Cape May. .... 12 10 ‘ 11 52 11 45 11 45 11 45 11 45 11 45 11 45
Cape Henlopen.... «cseescves cassnnsnes weoss|isessoncases 1 51 11 43 11 43 11 43 11 43 11 43 11 43
ARBALERGUE oy .ovsaivioivrvoreavosvosony sovess | 33
Cape Henry. .... . 24
Cape Hatteras . coveserearesessssasnsssnassnen 48
Ocracoke inlet....ccvscssves sass sessnsasussas 42
Cape Lookout. .. 24
Beaufort entrance 4
Cape Fear....... 0
Cape Roman..... ofss o e LR D e ¢ S (B U S U (- OO .

Charleston lght...eeesess sseoseseonssnnnesensfaneens aanononesnenareesfoorenasorons]onsimmenanafineenaneaes 11 52 | 11 18 [o.iaiaeenee
Port Royal entrance ‘
Tybee entrance...ceees seessans
St. Mary’s entrance...
St. John’s entrance ...
Cape Cafiaveral. coovcssssrseiirnransnne suvee
Cape Florida, covveseereissscrssosscnsenennss

Thus, from Sandy Hook to Delaware bay, starting with 12 hours 5 minutes, off Barnegat
there would be, at the same instant, 11 hours 57 minutes, and off Cape May 12 hours 10
minutes, so that the navigator would liave the same succession of tides whether he remained at
Sandy Hook or passed onward to Delaware bay, or whether he came from Delaware bay to
Sandy Hook. So from Sandy Hook to Charleston he will find, at the same instant, 12 hours 5
minutes at Sandy Hook, 11 hours 57 minutes off Barnegat, 11 hours 45 minutes off Cape May,
and so onward upon the parallels of latitude for the several points. For all practical purposes,
then, of coasting, the succession of the tides, and, of course, of the tidal currents of flood and. ebb will
be the same as if the navigator remained stationary. Leaving at low water he will meet the flood
for 6 hours 15 minutes, and then the ebb for another 6 hours 15 minutes, and so on. It is the
simplest of all rules that has thus come out of this investigation. That remarkable change of
the temperature between the waters of the in-shore cold current and the warm waters of the
Gulf Stream occurring in o short a distance that Lieutenant Bache called it the *‘cold wall,”?
takes place at distances off the coast of from 170 to 29 miles, (see Table D,) between Sandy
Hook and Cape Caiiaveral, measured, from the several points named in the table, at right

angles to the direction of the course, or measured along the parallels of latitude of the points,

at distances from 195 to 28 miles, between Assateague and Cape Cafiaveral, (Table D.) The
points where the parallels north of Assateague meet this division line have not been accurately

determined.
The annexed table shows these distances measured at right angles and on the parallels.
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j D.
Distance from coast to ¢ cold wall’’ of | Measured at| Measured on
Gulf Stream, off— rightangles parallel of
to coast. latitude.
Naut. miles. | Naut. miles.
pe Bandy HOOK: —uio e s e m e am 1707 ELLitilite
Barnegat ccccecccnmeacccencant cena »s i e P SR
, Cape My -ceemceccacccccnmannsnn- - £y R R
Cape Henlopen- ceeameveceemmemencnann- 187" sseammntiw
’ ARSAGARRTID o avin o ibe ot aa b dnus s ene 95 195
BT EE T 1y, R - £ B 92 107
CaeiEitersRe. LN il 2ot 30 31
Oofacoke Halat. s cbaciclod du S lns 53 52
, RPNt Sty opals aa s B 53 65
- Beatfort.entiancel - Jodu viallsiciaa- 62 jeeee-- e
Capo Pear's Sl soaneto i oo ldas 54 97
Cope BOMA 5. tcinusrcinavasbassenana 57 103
! Charleston lphto. .. hats o iladz s aave 61 95
[ Port Boyal entrance «...c.cadasadaases 79 97
Pyboe entralioss L. «smesbetahas cassanns 79 95
R e T R 90 87
: ‘ B S R S S 85 82
‘ Cape/ Cofieverilsc o sviseemmnsobalianns 29 28
L ‘ Cape Florida...... e e e e i B O e i ok il
: &

The coasting line of thirty miles keeps inside of the cold wall all the way to Cafiaveral, and
all the routes traced on the chart from Sandy Hook to southern ports are on the inside of it.
The Gulf Stream lines, as drawn on the chart, show how the route to Bermuda and to the
‘ Bahamas cuts the alternate bands of warm and cold water of the Gulf Stream.

‘ Vessels to and from ports east of New York.

The plate shows the sailing lines of vessels bound from New York to eastern ports and to
- Halifax, outside. The annexed table (E) gives the Greenwich time of high water off the
several points named in the first column on the routes to and from the places named in the
‘ heading of the table. The distances are measured at right angles to the co-tidal curves.

E.
Co-tidal hours on sailing lines between New York and—
| Off— N v ‘
! Newport. |New Bedford | Nantucket. | Boston. Portsmouth. | Portland. | Halifax.
o ’ ST TR Lo e,
h. m h. m h. m h., m h. m. h. m h. m.
LI e R PO e e R s o e e 12 6
Thirog 8 POIDE < o saes swsws 16 16 16 16 16 16 16 16 16 16 1R [ BRI SR
Fisher’s island....cccaaa-- 13 48 13 48 13 48 13 48 13 48 I8 48 e —iceas li
Block Teland oo Sensa st 12 16 12 16 12 16 12 16 12 16 12 16 11 30 ‘,
, O R e S MR s T REER 16 10 | g i [ Tl I ,‘
" iy O Tl PN LI PPN & B PET O 14 35 14 35 | 14 35 2 15
Cape ADD cccecvmcncocccac|ommanmnaamcs|ocsenacionns|eemencnnnnas)oaacacceaas 15 00 I A e L S
{ R I O ) A e TS T o e mmma R s S asS el e e e e e e e 16" B [ocsmarodne
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In passing from New York to an eastern port the first great change in the tides and tidal
currents is between the East river and Long Island sound; the difference between Governor’s
island and Negro point, on Ward’s island, at the eastern entrance to Hell Gate, is two hours
and forty-five minutes. Between this point and Throg’s Point the change is small. The
mariner is now in the full tide of the sound, and between Throg’s Point and Fisher’s island
there is a difference of time of but two hours and twenty minutes, the greatest part of which is
at the head of the sound and at its entrance, that is, near Throg’s Point and Fisher’s island.
From off New London to off Sand’s Point the difference is but one hour and forty minutes, so
that if the mariner, instead of remaining at Throg’s Point, passes onward to Fisher’s island he
would lose but half a tide in the whole passage. In other words, he would have the same
succession of rise and fall, according to the time elapsed, whether stationary or passing onward,
within two hours and a half, or less than half a tide.

The tidal current lines show that even a less allowance i3 to be made for the change of
current than for the change of tide; the difference in the change of current between Throg’s
Point and Fisher’s island, along the middle of the sound, being of no practicable importance.
Passing out of Long Island sound tke tidal hours grow earlier, until off Block island that of
Sandy Hook is again reached. The co-tidal line of Sandy Hook and Block island being the
same,it is the struggle of the same tide through New York bay and the narrow East river, and
obstructed Hell Gate, and through Fisher’'s island and Long Island sound, and to Throg’s
Point. The tidal currents meet near Throg’s Point.

The lower part of Narragansett bay has the co-tidal hour 12 hours, nearly. Buzzard’s bay
has nearly the same co-tidal hour, the tide wave reaching the shore at nearly the same time all
around the bay.

It would be impossible to give in a small compass a minute account of the tides of Martha’s
Vineyard and Nantucket sound. In general it may be said that as far as Holmes’s Hole and
Wood’s Hole they resemble those of Block island sound, and afterwards those of Monomoy, at
the eastern entrance; but this generalization is unsatisfactory without more details than there
is space here to give. In these sounds take place the remarkable change of between three
and four hours, the greatest change of our coast, dislocating, as it were, the times of high water
at places south and west and east and north of Nantucket. - The whole of this change takes
place between the eastern entrance of Nantucket sound and the western of Martha’s Vineyard,
giving rise to quite a complex condition of both tides and currents, which it has occupied much
time to unravel. The dominant co-tidal line of our coast, from Block island to Cape Cafiaveral,
is that of 12 hours of Greenwich time; that of our eastern coast, from Nantucket to Passama-
quoddy, is, in general, 15 hours. Passing out of Nantucket sound coasters carry nearly the
same co-tidal hour to Cape Cod, and thence vary their time about half an hour in passing to
Boston, to Portsmouth, to Portland, or to Passamaquoddy. It has long been known that the
tidal almanac for Boston might practically be used for eastern ports. Vessels from New York
to Halifax, and New York to Europe, which keep outside, and should keep well off the
Nantucket shoals, and off George’s, as shown by the track on the chart, vary their co-tidal hour
bat little, keeping between the lines of 12 and 113 until quite well on their course, and beyond
Cape Sable. The same rule will apply to their case as has been given for vessels between

New York and a southern port.




